
UNCLASSIFIED

AD NUMBER

LIMITATION CHANGES
TO:

FROM:

AUTHORITY

THIS PAGE IS UNCLASSIFIED

AD904779

Approved for public release; distribution is
unlimited.

Distribution authorized to U.S. Gov't. agencies
only; Test and Evaluation; OCT 1972. Other
requests shall be referred to AF Flight
Dynamics Laboratory, Attn: FXM, Wright-
Patterson AFB, OH 45433.

AFWAL ltr, 7 May 1976



THIS ~EPORT HAS BEEN DELIMITED 

AND CLEARED FOR PUBLIC RELEASE 

UNDER DOD DIRECTIVE 5200.20 AND 
NO RESTRICTIONS ARE IMPOSED UPON 

ITS USE AND DISCLOSURE. 

DISTRIBUTiflf~ STATEMENT A 

APPROVED FOR PUBLIC RELEASE; 

DISTRIBUTION UNLIMITED, 



© 

AFFDLTR-72-101 - Vol II 
*? 

EXPERIMENTAL AND ANALYTICAL 
DETERMINATION OF INTEGRATED 

AIRFRAME NOZZLE PERFORMANCE 

Operating Manual for Twin-Nozzle/Aftbody Drag and 

Internal Nozzle Performance Computer Deck 

E. R. GLASGOW, D. M. SANTMAN, AND L. D. MILLER, etal 

LOCKHEED-CALIFORNIA COMPANY 

TECHNICAL REPORT AFFDL-TR-72-I0I - VOL II 

OCTOBER 1972 

Distribution limited to U. S. Government agencies only; test and evaluation; 
statement applied ( October 1972 )■ Other requests for this document must 
be referred to AF Flight Dynamics Laboratory, (FXM), Wright-Patterson AFB, 
Ohio 4S433. 

AIR FORCE FLIGHT DYNAMICS LABORATORY 

AIR FORCE SYSTEMS COMMAND 

WRIGHT-PATTERSON AIR FORCE BASE, OHIO 

D D C 
Pnai]E 

NOV   "> 1972 

tSEÖTTEÜJ 
B 



1h I 

/ * 
« 

nones 

When Government drawings, specifications, or other data are used for any 

purpose other than in connection with a definitely related Government 

immurement operation, the United Stabes Government thereby incurs no 

responsibility nor any obligation whatsoever; and the fact that the 

Government may have formulated, furnished, or In any way supplied the said 

drawings, specification, or other data, is not to be regarded by implication 

or otherwise as in any manner licensing the holder or any other person or 

corporation, or conveying any rights or permission to manufacture, use, or 

sell any patented invention that may in any way be related thereto. 

Copies of this report should not be returned unless return is required 

by security considerations, contractual obligation, or notice on a specific 

document. 



EXPERIMENTAL AND ANALYTICAL 
DETERMINATION OF INTEGRATED 

AIRFRAME NOZZLE PERFORMANCE 

Operating Manual for Twin-Nozzle/Aftbody Drag and 

Internal Nozzle Performance Computer Deck 

E. R. GLASGOW. D. M. SANTMAN. AND L. D. MILLER, et al 

LOCKHEED-CALIFORNIA COMPANY 

Distribution limited to U. S. Government agencies only; test and evaluation; 
statement applied ( October 1972). Other requests for this document must 
be referred to AF Flight Dynamics Laboratory, (FXM), Wright-Patterson AFB, 
Ohio  45433. 



FOREWORD 

The computer program described herein was developed by the Lockheed-California 
Company (Calac), Burbank, California, under Contract No. F33657-70-C-0511 of 
Project Ifo. 668A. The contract was administered by the Air Force Flight Dy- 
namics Laboratory (AFFDL), Wright-Patterson Air Force Base, Ohio, with P.C. 
Everling (FXM) and J.A. Laughrey (FXM) as Project Engineers. Subcontract 
support was provided by Pratt and Whitney Aircraft (P&WA), East Hartford, 
Connecticut. 

This is the second of a two-volume final report to be submitted under the 
contract which was conducted during the period from 1 November 1969 to 31 
July 1972. The report describes the operation of the end item computer 
program developed for predicting twin-nozzle/aftbody drag and internal nozzle 
performance. In addition to the three principal authors, R.A. Fox and R.D. 
Grennan of Calac made significant contributions toward preparation of the 
report manuscript. The authors are indebted to the following Calac person- 
nel for their assistance in developing the computer program: E.L. Bragdon 
and M.H. Scott, Jr., of Propulsion; R.F. Smith of Aerodynamics; and T.J. 
Jones, B.A. Schwartz, and D.A. Tappeiner of Computer Services. 

This report was submitted by the authors for AFFDL approval on 31 July 1972. 
A Calac report number, LR 2537O, has been assigned to identify the report 
prior to approval. 

This technical report has been reviewed and is approved. 

__ 

,"*•"■ PHItaP P. ANTONATOS 
Chief, Flight Mechanics Division 
Air Force Flight Dynamics Laboratory 
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ABSTRACT 

A computer program has been developed for predicting twin-nozzle/aftbody 
drag and internal nozzle performance for fighter type aircraft having twin 
buried engines and dual nozzles. The program is capable of generating the 
installed thrust-minus-drag data required for conducting mission analysis 
studies of aircraft of this type. The configuration variables which can be 
analyzed include (l) nozzle type (convergent flap and iris, convergent- 
divergent with and without secondary flow, and shrouded and unshrouded plug), 
(2) nozzle lateral spacing, (3) interfairing type (horizontal and vertical 
wedge), CO interfairing length, and (5) vertical stabilizer type (single and 
twin). 

The performance prediction methods incorporated in the program are based 
almost entirely on empirical correlations. Specifically, correlations used 
in conjunction with one-dimensional flow relationships are employed for the 
prediction of the nozzle thrust and discharge coefficients, and correlations 
of the test data obtained during the contracted effort are employed for 
prediction of the aft-end drag. The prediction methods account for the 
effects of nozzle pressure ratio and flow separation on both internal and 
external nozzle surfaces. 

This manual describes the operation of the computer program in terms of 
program input requirements, performance prediction methods, and output for- 
mat and includes a presentation of sample input/output cases and a complete 
computer listing of the program. The program has been developed for use on 
the CDC 6600 computer. 
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SECTION 1 

INTRODUCTION 

This manual presents a detailed description of the Twin-Nozzle/Aftbody Drag 
and Internal Nozzle Performance Computer Program.    This program was developed 
under Contract F33657-70-C-0511,  Program for Experimental and Analytical 
Determination of Integrated Airframe-Nozzle Performance. 

The purpose of this manual is to describe in detail the capabilities and 
limitations of the prograa, the numerical methods used,  and the operational 
procedures required to run the program.    The computational procedures are 
presented both in the form of detailed descriptions and flow charts summariz- 
ing the methods.    The input instructions consist of a description of each 
input required and how the input is to be implemented.    The output section 
consists  of a description of the output format and an explanation of error 
messages that are included.    Finally,  a description of the operational setup 
needed for program execution is provided including control cards,  deck 
assembly instructions, and necessary external routines. 

The capabilities and restrictions of the program including a flow-chart are 
presented in Section 2.    The computational methods ured to predict aft-end 
drag and internal nozzle performance are discussed in Section 3; and the 
operating instructions, consisting of user and programmer inputs and the 
output summary,  are included in Section h.    Sample cases including examples 
of input coding sheets and a complete listing of the program are provided 
in appendixes. 



SECTION 2 

COMPUTER PROGRAM CAPABILITIES 

2.1 GENERAL DESCRIPTION OF PROGRAM 

The program consists of a main control routine, three nozzle internal 
performance subroutines, and ein aft-end drag subroutine.    The prediction 
methods incorporated in these subroutines are based almost entirely on 
empirical correlations.    Specifically,  correlations developed by P&WA 
(Reference Ul) are employed for prediction of nozzle thrust and dishcarge 
coefficients, and correlations of Phase II test data are employed for pre- 
diction of twin-nozzle/aftbody drag.    The predicted aft-end drags for a 
subsonic external flow must be used with caution if the user i;nploys the 
aftbody maximum area station as the reference station for drag accounting 
since the aftbody metric break station of the Phase II model lies downstream 
of the maximum area station.    Using the maximum area station as a reference 
station requires in some cases a procedure for obtaining the drag acting on 
the body between the maximum area and metric break stations.    This drag 
increment is very small for subsonic external flow and may be neglected. 
For supersonic external flow, a procedure for obtaining this drag increment 
was developed and incorporated in the aft-end drag routine to predict the 
boattail drag aft of the maximum area station.    The components of the aft- 
end drag include boattail pressure and friction drags and annular base drag. 

Since the empirical correlations are based on Phase II data and little data 
was obtained in the 0.9 to 1.2 Mach number range, the predicted aft-end drags 
for this Mach regime should also be used with caution. 

The program will analyze the following five types of nozzles:     convergent, 
convergent-divergent, convergent-divergent ejector,  unshrouded plug,  and 
shrouded plug.    The nozzle routines yield values of thrust and discharge 
coefficients, as well as pumping characteristics for ejector nozzles. 

There are basically two types of input to the program:    fixed and variable. 
The fixed inputs are constant for a given series of cases and consist of 
geometrical inputs such as nozzle type and maximum area.    The variable inputs 
may change from case to case and consist of geometrical inputs,  such as 
nozzle area ratio, and operating conditions such as freestream Mach number 
and nozzle pressure ratio.    For most of the variable inputs, the user has the 
option of using direct input values or having the program read a curve. 

2.2 CCMHJTER PROGRAM LOGIC 

The overall logic, of the program is illustrated by the flow charts shown in 
Figure 1. The program consists of a main control routine, three internal 
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performance subroutines, and an aft-end drag subroutine.    Upon reading and 
processing of the input the appropriate internal flow routine is selected 
based on the nozzle type.    Convergent and convergent-divergent nozzle cases 
are analyzed using subroutine NOZZLE,  convergent-divergent ejector cases 
use subroutine EJECTR,  and plug nozzle cases use subroutine NOZPLG.    When runn- 
ing convergent-divergent, convergent-divergent ejector and shrouded plug nozzles, 
the user has the option of varying the nozzle internal expansion ratio between 
two input limiting values in order to obtain the maximum thrust-minus-drag 
for a given throat area.    In all cases, the user has the option of providing 
either the physical throat area or the flow area at the throat.    The area 
which is not specified as the input is obtained from the other area and the 
nozzle discharge coefficient. 

The nozzle performance subroutines can analyze various internal flow regimes 
depending on the nozzle type.    For convergent nozzles, separate prediction 
methods are employed when the throat flow is subsonic, the throat flow is 
critical but   not   choked (nozzle pressure ratio where the discharge coeffi- 
cient is invariant with nozzle pressure ratio), and the flow is critical and 
choked.    For convergent-divergent and convergent-divergent ejector nozzles, 
separate prediction methods are employed when the flow is subsonic throughout 
the nozzle, the flow is critical with separation occuring in the divergent 
section,  and the flow is critical with no internal flow separation.    Thrust 
and discharge coefficients for these nozzles are computed using one- 
dimensional flow relationships combined with empirical correction factors. 
The one-dimensional compound flow analysis of Bernstein (Reference kj) is 
employed for predicting ejector pumping characteristics. 

The method employed for computing plug nozzle thrust coefficients depends on 
the freestream Mach number.     Specifically, for a subsonic external flow, 
correlations involving plug pressure forces are employed which, when combined 
with the gross thrust at the nozzle exit, yield plug nozzle thrust coeffi- 
cients.    For a supersonic freestream Mach number, plug surface pressure forces 
are computed using an approximate construction of the expansion fan generated 
by the flow expansion around the cowl lip.    The plug base pressure correlation 
is also employed for the supersonic case.    Plug nozzle discharge coefficients 
are computed using correlations of Phase I test data. 

The aft-end drag subroutine calculates the three components of the total aft- 
end drag of the aircraft:    boattail pressure drag, boattail friction drag, 
and annular base drag.     The routine tests the flight speed to determine 
whether to call the subsonic or supersonic boattail and base drag methods. 
Three separate correlations are employed for predicting the boattail pressure 
drag for a subsonic external flow:    jet-off drag correlations, correlations 
of the drag increment from Jet-off to the nozzle design pressure ratio, and 
correlations of the drag increment fron the design pressure ratio to operation 
at a higher pressure ratio.    The first two correlations are based on nozzle/ 
aftbody geometry while the last correlation is based on nozzle underexpansion 
losses.    For supersonic external flow.  Jet-off drag correlations and correla- 
tions of the drag increment from jet-off to the operating pressure ratio are 
employed. 



SECTION 3 

DISCUSSION OF METHODS 

This section describes the methods employed for predicting twin-nozzle/aft- 
body drag and internal nozzle performance.    The external drag methods consist 
primarily of the empirical correlations whose development is described in 
Volume I of this report (Reference 89).    The nozzle internal performance 
methods are basically those developed by P&WA which are described in 
Reference kl. 

3.1    TWIN-NOZZLE/AFTBODY DRAG 

The computational methods employed for predicting boattail pressure and friction 
drags and annular base drag are presented in this subsection.    All methods are 
based on empirical correlations of wind tunnel data and, except for the 
friction drag routine, are different for subsonic and supersonic speeds. 

3.1.1    Boattail Pressure Drag 

3.1.1.1    Subsonic Flow 

This subsection present the methods for predicting the boattail drag aft of 
the metric break station for Mach numbers less than 1.0.    The boattail drag 
coefficient rel^renced to the cross-sectional area at the metric break station 
(Ajßj) is computed from the following empirical correlation of the Phase II 
data. 

- K      (M\ 
DPT      1    \M-/ 

2/3 
^L     +    K    _is_     +    K3 Fid (1) 

where 

h . K FT 

K2 ACT 

/Moo   \ 
\IMS / 

2/3 (2) 

(3) 

and 

K      =    AD 
F id 
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AF is the projected boattallfrontal area, (AMB - Ag), As is the shroud area for 
both nozzles (sum of Jet and base areas) and F^ is the ideal thrust of the 
twin jet model obtained by isentropic expansion of the exhaust flow to free- 
stream pressure. The first term in Equation 1 is the jet-off drag, the second 
term is the drag increment when going from jet-off to operation at the nozzle 
design pressure ratio and the third term represents the drag increment when 
going from design pressure ratio operation to operation at a higher pressure 
ratio. The design pressure ratio for convergent and convergent-divergent 
nozzles is defined as that pressure ratio associated with a cylindrical plume 
(static operation) and with critical throat flow. For unshrouded plug nozzles, 
the design pressure ratio is set equal to the design pressure ratio of a 
convergent nozzle. 

-\ 

The jet-off drag coefficient parameter, K, , is presented in Figures 2 through 
k for the narrow, intermediate, and wide nozzle lateral spacings with horizon- 
tal interfairings and a single vertical tail. The drag parameter is obtained 
from these figures through use of the integral mean slope (IMS) of the 
equivalent body of revolution and the shroud to metric break area ratio 
(Aß/Ajßj). The correlation results shown in Figures 2 through h  are applicable 
for all nozzle configurations except the narrow-spaced normal-power convergent- 
flap configuration. Correlation results for this configuration are presented 
in Figure 5. Correlation results for narrow spaced configurations with 
vertical interfairings are presented in Figure 6. Figure 7 presents correla- 
tion results for wide spaced configurations with twin vertical tails. A 
linear interpolation and extrapolation for area ratios other than those pre- 
sented in the figures is employed. 

The drag parameter, K25 for determining the increment in drag when going 
from jet-off to jet-on at the nozzle design pressure ratio is presented in 
Figures 8 through 10  for narrow, intermediate and wide nozzle lateral 
spacings and for Mach numbers ranging from 0.6 to 0.9. This drag increment 
is presented in terms of an increment in drag coefficient referenced to the 
twin nozzle shroud exit area (sum of jet and base areas) and is correlated 
as a function of boattail trailing edge 6g, at the nozzle exit. The results 
shown in the figures are applicable for all configurations. 

For convergent and convergent-divergent nozzle installations, the drag para- 
meter, Ko, which is the increment in drag when going from design pressure 
ratio operation to operation at a higher pressure ratio, is presented in 
Figures 11 through 13 as a function of the nozzle underexpansion less. The 
drag increment, which is normalized by the ideal thrust, is dependent on both 
the Mach number and shroud exit to metric break area ratio. Figure lU and 
15 present the drag parameter, Ko, for the normal and maximum A/B plug nozzles, 
respectively. The drag parameter in these figures is presented as a function 
of a reference convergent nozzle underexpansion loss. 

3.1.1.2 Supersonic Flow 

This subsection presents the methods for predicting the boattail drag aft 
of the maximum area (exclusive of wing) station for Mach numbers greater than 

8 
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1.0. Boattail drag coefficients, based on maximum area, for a supersonic 
external flow are computed from the following equation 

t 
"_      '_      _ '_„ (5) 

where the first term is the Jet-off drag and the second term is the increment 
in drag when going from Jet-off to Jet-on operations. 

The equivalent body drag is obtained by entering the method-of-characteristics 
boattail drag correlation curves presented in   Figure 16 with the Mach number 
and IMS.    The ratio of Jet-off drag to equivalent body drag (c     /u      )  is 

PT      EB 
obtained    from the correlation results presented in Figure 17 as a function of 
Mach number and vertical stabilizer tape. 

For Jet-on operation, K^, which is the increment in drag from Jet-off 
operation normalized by the product of the difference between the nozzle 
internal exit pressure and the local boattail surface pressure (assuming 
no flow separation), is obtained from Figure 18 as a function of nozzle mean 
boattail angle.    The mean boattail angle used is the mean angle over a 
distance corresponding to one-third of the nozzle exit radius.    This length 
was selected as being representative of the flow separation length.    The local 
boattail flow properties are obtained from a method-of-characteristics 
solution (a large mesh size was employed to minimize computer time). 

The correlation results presented in Figure 10 are restricted to pressure 
coefficients (P   - PT )AlT  greater than 1.1+.    This pressure coefficient value 

was based on the empirical observation that little or no separation occurs 
for lower values.    The results are also not applicable for Mach numbers 
greater than 1.6; a linear variation of K,- with Mach number from the Mach 
1.6 value to a Kc value of zero at a Mach number of 2.0 is recommended. 

3.1.2    Boattail Friction Drag 

The required input for computation of the boattail friction drag is the boat- 
tail length (LnnJj the wetted surface area (Aw), and either the momentum 
thickness  (6)      at the start of the boattail or an effective flat plate 
length (L ff.) upstream of the start of the boattail.    With these inputs, an 

average boattail skin friction coefficient is computed by use of Sivells- 
Payne correlation (Reference 12) which, when combined with the wetted area, 
yields the friction drag as discussed below. 

With an input momentum thickness at the start of the boattail the reference 
length Reynolds number, R'  , is obtained by iterative solution of the 
following equation 1 
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R
e = _L (0-0^ R' )/(Log1n 

R
e'  - 1-5) 10 e. 

(6) 

where the primed quantities denote values evaluated at the reference tempera- 
ture, T , which is obtained from the following equation 

where 

T' = T 
1    1 

aw    1 

1 + 0.035 M!  + o.u5(4f -i) 

1.0 + M(0-89) M2. 

(7) 

(8) 

If an effective flat plate length upstream of the boattail is input, the 
reference Reynolds number is obtained from the following equation: 

R ' Pi U«Leff (9) 
'1     12g ^ 

The local skin friction correlation equation taken from Reference 12 is 

c   |0.088 (LO&Q Rgi - 2.3686) | T 

fl ' (Log10 R' - 1.5) 3 T{ 

(10) 

The local skin friction coefficient at the end of the boattail is computed in 
a manner similar to that described above except that the length employed in 
the computation of the reference length Reynolds number is 

L2 = Leff + LBT (11) 

If the momentum thickness Reynolds number is input, the effective flat plate 
length at the start of the boattail is computed as follows: 

eff = 

1? g ^ Rei 

1  oo 

(12) 

The skin friction drag coefficient based on maximum area is 

(Cf + C ) A^ 
CL       1    2  _ 

f=      2   * AM 
(13) 

19 



3.1.3   Annular Base Drag 

The annular base pressure for a subsonic external flow is computed from the 
following modification (developed in Reference 89) of the Brazzel-Henderson 
base pressure correlation (Reference 33). 

p        0.9 + 0.0167 (Rtaf) 
_J2._   
P«      - 0.9^       +      0.06        (Ag/Aj^) 

(1^) 

where R „ is the nozzle exit to free stream momentum ratio, defined as 

nu (MV)e 

(MV)0 

Y    P   A    M 
e    e    e    e 

^00 Poo \ w. (15) 
00 

For a supersonic external flow, the following base pressure correlation 
developed by Brazzel-Henderson is also employed. 

lco 

0.19 + 1.28 

+ O.OU? (5-Moo) 

R 
1TK 

,1 + R m^ 

(16) 

The first term on the right side of Equation (l6) normalizes the jel tempera- 
ture to the jet temperature of a sonic nozzle. The second term corrects for 
boattail effects, and the third term is a correlation based on the ratio of 
nozzle exit momentum flux to freestream momentum flux. A nozzle position 
(relative to the end of the boattail) correction is obtained by the fourth 
term. 
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3.2 NOZZLE THRUST COEFFICIENT 

This section describes the numerical methods employed for computation of 
nozzle thrust and discharge coefficients. Prediction methods for convergent, 
convergent-divergent, convergent-divergent ejector, and plug nozzles are de- 
scribed. The thrust coefficient is defined as the ratio of actual gross thrust 
to ideal gross thrust based on isentropic expansion of the actual mass flow to 
freestream prer^are. The discharge coefficient is defined as the ratio of 
actual ms'-iij  flow to ideal mass flow computed assuming one-dimensional sonic 
flow at the nozzle throat. 

3.2.1 Convergent Nozzles 

Convergent nozzle thrust coefficients are computed by use of the following 
equation, 

r A               . '      A 
Pe eflow /. , „ 2.  Pe  /Ae   eflow 

CT = 
L "T 

F7 /(PT A*) 
p        T 

P       A oo       e 

(17) 

where 

PT    \ J-T    J- 

l^2 

(18) 

The term enclosed within the brackets in Equation 17 is the total momentum 
of the flow at the nozzle exit,  normalized by P      A  . 

T 

The stream thrust correction factor, Cc, in the above equation is assumed to 
6 

be 0.997. Equation 17 differs slightly from the equation presented in Refer- 
ence 1+1 with the addition of the second term within the brackets. This term 
represents the pressure force (normalized by P  A*) exerted on the area in- 

crement between the physical and effective exit flow areas. The pressure, 

P , is assumed to be equal to freestream pressure for nozzle pressure ratios 
e ' 

less than critical (unity throat Mach number for one-dimensional flow). For 
nozzle pressure ratios greater than the choking pressure ratio (pressure ratio 
where the flow field is fixed and the discharge coefficient is independent of 
pressure ratio) P1 is assumed equal to the exit pressure, P . A linear var- 

iation of P with nozzle pressure ratio is assumed between the critical and 

choking pressure ratios. The critical pressure ratio, (P fodm)  anci choking 

pressure ratio, (P_ /Po,)™» are computed from the following equations. 
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(P^/PJCH = f 
v *i\ Y/(V -1) 

(P   /P^)     = 3.5 - Tan j 23.8063 (C -0.95) 
T ' max 

(19) 

(20) 

Equation 20 was empirically derived (Reference Itl) and represents the nozzle 
pressure ratio at which the discharge coefficient, C,„  , remains fixed. 

max 

As discussed in Reference 1*1,  the discharge coefficient, C dN 
, is sensitive 

max 
to both the upstream approach angle,    or,    and the nozzle lip radius of curva- 
ture, R .    Correlations of the discharge coefficient  (C,N      ) as a function 

max 
of approach angle and radius of curvature ratio, R /R^ are presented in 

Figurea 19 and 20 respectively.    The appropriate discharge coefficient, 
C,„     , to be used in Equation 20 is the larger of the two values obtained 

max 
from Figures 19 and 20. 

The nozzle discharge coefficient obtained as described above is, of course, 
the appropriate discharge coefficient for nozzle pressure ratios greater than 
the choking pressure ratio (i.e., C,M = C,N      ).    For nozzle pressure ratios 

max 
less than the choking pressure ratio, the nozzle discharge coefficient, C 

is determined from the following equation: 

\2 

dN' 

CdN  CdN max 
+ C 

3 P„ 
(21) 

where 

C0 =  8 B3/ (C dN 0.965)2 + ^ B2 

max 
(22) 

and 

C- = 0.0011 - 0.00205  [sin (7^.8 (C_   - 0.952))] 
1 max       * 

+     [(0.92 - CdN  ) 0.057^ + ABS ((0.92 - C    ) .057^)1 /2       (23) 
mftv mnv -I max max 

The constant, B, is set equal to 0.01. The above equations are empirically 
derived in Reference 1*1. 

22 



u 
u_ 
UL 
at 

8 

I.UU 

0.98 

0.96 

0.94 

0.92 

0.90 

V 
N.^ 

UJ 

Ü 
< 

^ 

N.^ I u 
to 
O 

\ 

| v^ 

i 
^ 

- > 
< 
■« 

7 
J3 10 20 30 40 50 60 

a- INTERNAL APPROACH ANGLE - DEGREES 

Figure 19.    Correlation of Maximum Discharge Coefficient with 
Internal Approach Angle 

- 
M

A
X

IM
U

M
 D

IS
C

H
A

R
G

E
 C

O
E

FF
IC

IE
N

 
X 

p
o

o
   

   
   

0
   

   
   

0
   

   
   

—
' 

^  -^ — 

/ 

/ 

/ 

/ 

/ 

z 
J3 Rc/ Rp - SHROUD LIP TO THROAT RADIUS RATIO 

Figure 20.     Correlation of Maximum Discharge Coefficient with 
Shroud Lip Curvature 

23 



A A 
A 

e 
A 

e eflow 1        eflow 

** ■ 

A 
eflow 

A| CdN   AT 

The area ratios en^loyed in the thrust coefficient equation (Equation 1?) 
are obtained as follows. For nozzle pressure ratios less than critical, the 
ratio of actual to sonic flow areas (A   /A*) is obtained in the usual man- 

eflow 
ner from the exit Mach number, M . For nozzle pressure ratios greater than 

critical, the actual sonic flow area ratio is unity. The physical exit to 
sonic flow area ratio is obtained from the following equation for nozzle pres- 
sure ratios less than critical. 

(210 

For nozzle pressure ratios greater than critical, the exit to sonic flow area 
ratio is equal to the inverse of the discharge coefficient. 

3.2.2 Convergent-Divergent Nozzle 

The method employed for computing convergent-divergent nozzle thrust coeffi- 
cients depends upon whether the flow is unchoked, choked with internal flow 
separation, or choked and flowing full (i.e., no internal separation). For 
nozzle pressure ratios less than critical (unity throat Mach number for one- 
dimensional flow), the flow is subsonic and the nozzle is treated as a sub- 
sonic diffuser. The computational procedure is as follows. A throat Mach 
number is first assumed and a recovery loss coefficient APT/q_, is obtained 

from Figure 21 as a function of nozzle internal divergence angle, 9. The 
nozzle exit to throat total pressure ratio is obtained from the following 
equation. 

P     P 
Tm     T, PT 
T     T 

(25) 

The nozzle exit to sonic area ratio is then computed as 

Ae     Afe I^X     A 
A*    A* I A* 
e     T \ e 

A    V.., 
e _   flow 

A*   A* 

(26) 

(27) 
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The throat flow to sonic flow area ratio in Equation 27 is obtained as a 
function of the assumed throat Mach number and the throat flow to geometric 
throat area ratio is obtained from the nozzle discharge coefficient (A,-  /A_ 

flow 
= C_). The discharge coefficient is taken as the larger of the two values 

obtained from Figures 19 and 20. The exit to sonic area ratio obtained from 
Equation 26 yields an exit Mach number which in turn yields an exit static 
pressure. If the exit static pressure does not equal the freestream static 
pressure the calculations are repeated using a different value for the throat 
Mach number. The thrust coefficient is then computed from Equation 17 with 
A assumed equal to A   . The stream thrust correction factor is obtained 
6 eflow 

from Figure 22 as a function of exit to sonic flow area ratio and internal 
divergence angle. 

For nozzle pressure ratios greater than critical but less than that required 
for the nozzle to flow full (no separation), two computational procedures are 
employed. For nozzle pressure ratios slightly greater than critical, a linear 
variation of thrust coefficient from the critical value of thrust coefficient 
is assumed. This linear variation is terminated (based on empirical observa- 
tion) at a nozzle pressure ratio computed from the following equation. 

(28) 

where ?„, /P    is obtained (assuming the nozzle flows full) from one dimensional 
iT    e 

flow relationships and 

&. ■' 

1    \10 
0.03329 + 0.72 

.10 ft" ^ 

1-0.77 

(29) 

The thrust coefficient for nozzle pressure ratios greater than the computed 
pressure ratio from Equation 28, but less than that for the flowing full 
case, is computed from the following equation. 

A 

'S 

CT = 

P 
sep 

PT 
L T 

A* T 

sep 
(1 + Y M2 ) 

sep' •/■ 
PdA 

IL A* 
P A 

T 

F. / (Pm IP   Tn 
A$) 

(30) 
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•where P   is the static pressure just upstream of the separation point, 

A   is the flow area at the separation point, M  is the Mach number at 
esep sep 

the separation point, and the integral term is the pressure force acting on 
the nozzle inner surface in the separated flow region.    The stream thrust 
parameter, C , is obtained from Figure 22 as a function of A     /A* and    9. s sep    J. 
The surface static (upstream of separation point) to total pressure ratio is 
computed from the following equation. 

P P,,, 
p^£ = 0.63 + 0.0k In (0.01) — (31) 

T T 

Equation 31 results determine the Mach number, M  , which in turn locates ' sep' 
(through the area ratio function) the separation point. The integral term 
^n Equation 30 is computed from the following empirical equation. 

/PdA   P»  /. , Psep TT\|Ae  VA ,_^ 

When the nozzle is flowing full. Equation 17 is used for computing thrust 
coefficients. The exit "^low area (A    ) is, however, set equal to the 

eflow 
physical area (Ae).  The pressure ratio (PT /P^) where the nozzle is Just 

T 
flowing full is computed from th« folinvpng equation. 

V-A (33) 

where P^ /p is obtained from a one-dimensional flowing full analysis and 
■4 e 

P  /P^ is a constant obtained from Equation 31 (after rearranging). 

The nozzle discharge coefficient for convergent-divergent nozzles is defined 
as the ratio of actual mass flow to ideal convergent nozzle mass flow, or 

(m  ) v C-D/ act , kv Cd " Tra 5  (34) 
a
N   k C0NV; id 

In terms of ideal conditions, the above equation becomes 
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\ ^"CONV^ id 

\ flow 

*T 
(35) 

where A-,   /iL, is the larger of the two values obtained from Figures 19 and 

20. For pressure ratios greater than critical for the reference convergent 
nozzle, the ideal mass flow for the C-D nozzle is identical to the ideal mass 
flow of the convergent nozzle. Thus, the discharge coefficients can be ob- 
tained, as previously described, from Figures 19 and 20. For pressure ratios 
less than critical for the reference convergent nozzle, the ideal C-D nozzle 
mass flow is greater than the ideal convergent nozzle mass flow. This is be- 
cause the critical pressure ratio for a C-D nozzle is lower than the critical 
pressure ratio for a convergent nozzle due to the diffusion in the divergent 
section. The discharge coefficient equation is rewritten, therefore, as 

Mj (l+^i M/) \2^1)/ 

\ 
M {1 + "*—   U2) 
e     2   e  ' 

(sT^I)) 

N flow s (36) 

where l^L, is the C-D nozzle throat Mach number and M is the exit Mach number 

of the reference convergent nozzle. 

3.2.3 Convergent-Divergent E.iQctor Nozzle 

The computational method employed for predicting C-D ejector nozzle perform- 
ance follows closely the method employed for C-D nozzles. The primary dif- 
ference is the addition of a routine for computing the ejector pumping char- 
acteristics. The method employed is the one-dimensional compound-compressible 
flow analysis of Bernstein (Reference U5). Bernstein's method is programmed 
so as to obtain secondary to primary mass flow ratio as a function of secondary 
to primary total pressure ratio and vice versa. 

With the addition of the nozzle secondary flow, the nozzle thrust coefficient 
equation with no internal flow separation becomes 

Pe S , 2   Pe  
eS 

A* 
T„ TL    P  'T« *p 

(1 + vM ) 
V 

/ Fid \      /Fid   r 

CO    Q 

p^T 
(37) 
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where the secondary and primary flow areas,Mach numbers, and exit pressure at 
the nozzle exit are obtained from standard one-dimensional calculations em- 
ploying the secondary to primary mass flow ratios and total pressure ratios. 
The stream thrust correction factor, Cq, is obtained from Figure 22 as a 

function of internal divergence angle and shroud exit to primary nozzle area 
ratio. For cases with internal flow separation, the thrust coefficients are 
computed by a method similar to that employed for C-D nozzles. Primary nozzle 
discharge coefficients are also computed in the same manner as for C-D nozzles. 

3.2.if FlujT Nozzles 

The plug nozzle performance routine is based on both analytical and empirical 
correlation methods. Specifically, for supersonic flight Mach numbers a com- 
bined analytical/empirical method is employed, while an empirical method is 
employed for subsonic flight Mach numbers. The reason for this is that, for 
supersonic flight Mach numbers, the nozzle pressure ratio is sufficiently 
high such that there is little or no influence of the external flow on the 
plug surface pressure distributions. For subsonic flight Mach numbers, the 
influence of the external flow is felt over a large portion of the plug sur- 
face, especially at low nozzle pressure ratios. 

The method employed for computing the plug surface pressure force and nozzle 
thrust coefficient for a supersonic external flow is as follows. First, the 
total flow expansion around the shroud lip is computed assuming the flow ex- 
pands to freestream static pressure. This flow turning is divided into a 
number of equal turning increments. For the initial flow angle increment, 
the Mach number at the shroud lip is computed using the Prandtl-Meyer rela- 
tionship. The right running characteristic ray is then constructed and its 
intersection with the plug surface computed. For this computation, the char- 
acteristic ray is assumed to be straight. The plug surface Mach number at 
the intersection point is obtained from the Prandtl-Meyer relationship as- 
suming a flow deflection equal to twice the flow turning increment at the 
shroud lip. This procedure accounts, approximately, for the expansion fan 
reflection from the plug surface. The method is approximate, since the actual 
characteristic ray is curved rather than straight, as assumed. Nonetheless 
the surface pressure distributions computed as described are in excellent 
agreement with exact method-of-characteristic calculations. 

The above procedure is repeated until the flow is expanded to freestream 
pressure or the end of the plug is reached. In the former case, where the 
last ray intersects the surface upstream of the plug base, the external flow 
will definitely influence the plug surface pressure distributions. It is 
assumed, however, that the region influenced by the external flow is small. 
It is further assumed that the pressures in this region are near freestream 
pressure. Based on empirical observations, the above assumptions will intro- 
duce little error provided the nozzle pressure ratio is greater than approx- 
imately h.O  and the plug configuration is similar to those tested. 
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The nozzle gross thrust is the sum of the gross thrust at the nozzle exit, 
the plug surface pressure force, and the plug base force (or drag). The gross 
thrust at the nozzle exit for unshrouded nozzles is computed In the same manner 
as for convergent nozzles and for shrouded plug nozzles in the same manner as 
for C-D nozzles. Plug base pressure correlations are employed for computing 
plug base forces. The plug base pressure is computed from the following cor- 
relation equation: 

T±-      =    JL^g (38) 
PT 1.975 U ; 

T    (PT /PJ 1T 
This equation is applicable for nozzle pressure ratios ranging from approxi- 
mately U.5 to the pressure ratio where the ratio of base pressure to nozzle 
total pressure remains invariant with nozzle pressvire ratio. The plug base 
to nozzle total pressure ratio becomes invariant with pressure ratio when the 
last characteristic ray from the shroud lip lies downstream of the base wake 
region. 

The invariant base pressure is computed from the following equation: 

where (Pp/PT ) is the ratio of plug surface static pressure Just upstream of 
^  T e 

the plug base to nozzle total pressure. For nozzle pressure ratios less than 
4.5, the base pressure is assumed equal to freestream static pressure. 

For a subsonic external flow, the plug nozzle thrust coefficient is computed 
from the following equa ,ion: 

CT = CTe 
+ Fid " Kl+ (UO) 

where 

H " Fid ' ^T " UT KL = iM - (c, - C, ) {hi) 
e 

CT in the above equation is the ratio of computed gross thrust at the nozzle 
e 

exit to ideal gross thrust (Fid) obtained by expanding the flow isentropically 
to freestream static pressure, and AD is the drag increment between operation 
at the design pressure ratio and operation at a higher pressure ratio and is 
obtained from Figures 11+ and 15 as a function of the underexpansion loss, 
(l-C_ ). The plug thrust/drag parameter, K^, is obtained through interpola- 

e   tion and extrapolation of the correlatioh results presented in Fig- 
ures 23  and 21+. 
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SECTION k 

OPERATING INSTRUCTIONS 

k.l    INPUT REQUIREMENTS 

The input for the external drag and internal nozzle performance computer 
program consists of fixed and variable parameters in a main 25 card set plus 
optional curve data and input routine control cards.    The fixed inputs, which 
are constants for each computer run, are discussed in Subsection ^.1.1.    The 
variable inputs,  which allow a series of values or curve data to be input for 
ea.ch run,  are discussed in Subsection h.1,2,  followed by a description of the 
required input control cards in Subsection 4.1.3.    The 25 card main input 
data set is  summarized in Table 1,  including card numbers, data descriptions 
and locations,  available input options,   and where appropriate,   identifiers  for 
the optional curve data inputs.    Tables  2 and 3 describe the input curve 
formats.    Sample  input sheets are given in Appendix A. 

k.1,1    Fixed Input 

The fixed input data required are the title,  the basic aircraft external 
geometric data,  and the nozzle internal geometry data.    The title, on card 1, 
may consist of any combination of alpha-numeric characters and may be placed 
anvwhere in columns 1 through 72.    This  title will be printed at the top of 
each page of computer printout.    The first three inputs on card 2 are input 
keys for selection of nozzle spacing,  nozzle type,  and interfairing type, 
and have the options shown in Table 1.     The inputs are integers  (no decimal) 
input in fields  of 3 columns starting with column I,    The integer inputs 
must be right-adjusted;  i.e., the final  digit  must fall in the last column 
of the input field.    The last six inputs  on card 2 are real numbers   (input 
with decimals)  in fields of six columns   starting with column 10.    These in- 
puts include wing  area, maximum cross-sectional area, ratio of metric break 
area to maximum area,  the initial boattail length,  initial boattail integral 
mean slope   (IMSF),  and boattail wetted area for the portion of the aftbody 
between the maximum are a location and the metric break. 

Nozzle internal .fixed inputs are shown in Table 1 under each nozzle type 
heading.    The nozzle fixed inputs are on the last non-blank card in the data 
set;  however,   enough blank cards must be added at the end of the set to make 
a total of 25 cards.    The inputs required for convergent nozzles are the 
minimum and maximum throat areas corresponding to normal and max A/B power 
settings,  input  as real numbers on the first two fields of 6 on card 22.    For 
convergent-divergent nozzles, the axial  length of the nozzle divergent sec- 
tion,  the minimum nozzle expansion ratio,  and the maximum nozzle expansion 
ratio are input  as real numbers on card 22 in fields of 6 columns, starting 
with column 1.     The fixed inputs for the convergent-divergent ejector nozzle 
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TABLE 2.    UNIVARIANT CURVE DATA INHJT KEY 

CARD COLUMNS MODE CODE DESCRIPTION 

1 1-6 Alpha-Numeric — Curve Identifier 

7-9 Integer 1 

2 

Linear interpolation 

Parabolic interpolation 

10-12 Integer 0 

1 

No extrapolation on X 

Extrapolation on X 

13-15 Integer — Number of X and Y numbers 

2 1-72 Real -- Data in order X, Y, X, Y,   .   .   . in 

fields of six columns each.    May- 

require several cards 

TABLE 3-     BIVARIANT CURVE DATA INPUT KEY 

CARD COLUMNS MODE CODE DESCRIPTION 

1 1-6 Alpha-Numeric -- Curve identifier 

7-9 Integer 3 

k 

5 

Linear interpolation on both X and Z 

Parabolic interpolation on both X and Z 

Parabolic interpolation on X and linear on Z 

10-12 Integer -1 

0 

1 

Extrapolation on X only 

No extrapolation 

Extrapolation on both X and Z 

13-15 Integer -- Number of Z values to be read (may be up to 
19) 

16-72 Irr.öger -- Number of X and Y numbers for each Z, in 
order of input, in fields of 3 columns each 

2 1-72 Real Data in order Z, X, Y, X, Y,   .   .   ., Z, X, 
Y,   .   .   . in fields of six columns each. 
May require several cards. 
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sure on card 25 and are the same as for the convergent-divergent nozzle 
except for the addition of the secondary flow specific heat ratio (real 
number)  in columns 19 through 2k.    The plug nozzle fixed inputs,  real numbers 
in the first six fields of 6 columns on card 23, are the conical plug angle, 
the plug base area, the minimum throat area, the maximum throat area,  the 
minimum nozzle expansion ratio,  and the maximum nozzle expansion ratio. 

The following nomenclature is employed for the fixed input terms  in Table 1, 
Self explanatory items are not included. 

S/D - Nozzle Spacing Ratio - The ratio of the distance between the 
centerlines of the nozzles to the maximum nozzle diameter. 
The approximate values of 1.25 for narrow, 1.625 for inter- 
mediate, and 2.0 for wide spaced nozzles are suggested since 
the data correlations are based on data for these ratios. 

NT - Nozzle Type - Convergent type nozzles include convergent-flap 
and convergent-iris types. 

IT - Interfairing Type - The distinguishing characteristics of the 
interfairings is the orientation of the trailing edge (ver- 
tical or horizontal). 

VA M 
- Metric Break Area Ratio - The approximate value of O.85 is 

suggested since the data correlations were obtained with this 
value. 

IMSF - Forward Integral Mean Slope - IMS value for the surface between 
the maxi::ium fuselage area and the metric break stations.    A 
negative input means that an area distribution curve  (X/D    vs 
A/A  ) is being included and IMSF will be computed internally. 

Ay /A -  Initial Boattail Wetted Area Ratio - The wetted area  (not  in- 
cluding the lifting portion of the wing) from the maximum 
fuselage area station to the metric break station,  divided by 
the maximum area. 

(Ag/A   ) - Minimum Nozzle Expansion Ratio - The minimum expansion ratio 
used to test for maximum thrust-minus-drag. 

(ATr/Arr)M/iY    - Maximum Nozzle Expansion Ratio - The maximum expansion ratio 
used to test for maximum thrust-minus-drag.     Twenty expansion 
ratio values are tested between the minimum and maximum values. 

E'   Tmx 

k.1,2    Variable Inputs 

The variable inputs are those data which are changed as parameters of the 
performance analysis plus the portions of the aircraft ir.tern?.!  and external 
geometry which change with variations of these parameters.    Each type of 
variable input occurs on a different card, allowing the user to input several 
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values of each run parameter on each card.    The program runs all possible 
combinations of tne run parameters, cycling from larger to smaller sequence 
card numbers and from left to right for a given sequence number. 

The input cards for the variable input data, cards 3 through 21 plus nozzle 
type dependent cards, all have the same data format.    The first three fields 
on each card are of 3 columns each,  starting with column 1.    These three inputs 
are integers and include, in order, a sequence or identification number 
which is the s^me as the card number, the number of values of the variable 
input which appear on the card, and an input code selecting from the possible 
input types allowed for each variable input,  as noted in Table 1,    All the 
integer inputs must be right-adjusted in their respective fields.    Up to ten 
values of each parameter may be input on each card in the following ten real 
number fields of six columns each,  columns 10 through 69. 

The following input code (ICODE) combinations for input of the freestream 
conditions in cards 3» ^ and 5 are unacceptable. 

ICODE (3) ICODE  (k) ICODE (5) 

112 
1 1+ 2 

22 12 
22 1 3 
22 i+ 1 
22 4 2 
22 4 3 

If any of these ICODE combinations are used, an error message will result 
with a brief description of the inconsistency. 

The following nomenclature is employed for the variable input items in 
Table 1. 

PS - Power Setting - The value of power setting is used only as an in- 
dependent variable on optional user-supplied curves   (see cards 7»  8, 
and CD ejector card 2^).    The scheme of the power setting values is 
left up to the user. 

PTp/Pco - Nozzle Pressure Ratio - Primary total to freestream pressure ratio 
in the case of an ejector nozzle. 

I 
Yp -  Nozzle Specific Heat Ratio - Primary stream specific heat ratio in 

the case of an ejector nozzle. 

Nozzle Throat Area - Either the physical throat area (Aj) or the aerodynamic 
throat area (Aj«.     ) may be input.    Whichever is input, the program will 

compute the other internally. 
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» - Nozzle Throat Approach Angle - The angle between the internal wall 
and the nozzle centerline in the conical part (if any) upstream of 
the nozzle  (primary) throat.    For plug nozzles,  enter zero. 

Nozzle Throat Geometry - For convergent, convergent-divergent,  and conver- 
gent-divergent ejector nozzles, the ratio of the internal contour radius of 
curvature  (if any) at the nozzle  (primary) throat to the throat radius 
(Rp/R   ).    For plug nozzles, the input value is R» R_/S , where R- is the 

average radius of curvature between the internal shroud and plug at the 
throat, RT is the average radius between the shroud and the plug at the 

throat, measured from the nozzle center line,  and S is the height of the 
throat legion measured normal to the plug. 

A /A       - Nozzle Expansion Ratio - A value not equal to 1.0 for the case of 
a convergent or unshrcuded plug nozzle will result in an error 
message.    A request for the maximum thrust-minus-drag will perturb 
the expansion ratio from the minimum to the maximum value. 

AX/D       - Nozzle Base Length to Diameter Ratio - The axial distance covered by 
the base of a nozzle,  such as in the case of a flap nozzle,  divided 
by the equivalent maximum diameter. 

9 - Mean Nozzle Boattail Trailing Edge Angle - The mean boattail angle 
at the end of the boattail over a distance of one-third the exit 
radius. 

L/Dw       - Total Boattail Length to Diameter Ratio - The total length from the 
M maximum area station to the end of the nozzle or interfainng, 

whichever extends further,   divided by the equivalent maximum dia- 
meter.    The independent variable in the curve IDC172  is the difference 
between the maximum and total frontal areas,  equivalent to the base 
plus exit areas. 

1MSA       - Aft Integral Mean Slope  - A code equal to 3 means an area distribu- 
tion curve is being furnished consisting of X/Djy[ versus A/Aj/j aft of 
the metric break in order to calculate IMAS internally.    The initial 
area (metric break area) must be the maximum area of the array and 
the areas must be continually decreasing with increasing X. 

^ 
- Adjusted Projected Frontal Area Ratio - An non-zero input  is used 

when the configuration is characterized by an increase in area dis- 
tribution,  such as in the case of the fantail portion of a maximum 
afterburning nozzle.    The value ofAA is that frontal area,  forward 
and rearward facing,    ' ich is  not included in the frontal area de- 
termined by taking f   • maximum minus the exit plus base areas. 

9^ - Nozzle Boattail Trailing Edge Angle - The nozzle boattail angle at 
the trailing edge of the boattail surface. 

U5 

E 



tmin i ' -K-iii mi 

VA 
M 

Total Boattail Wetted Area Ratio - The wetted area (not including 
the control surfaces) from the maximum area station to the end of 
the body. 

Aqm/A_ - Shroud Throat Area Ratio - The ratio of the minimum area of the 
mixed region of an ejector nozzle to the primary throat area. 

Pumping Characteristics - User has the option of furnishing either the 
secondary to primary total pressure ratio, P-iis/

PTp> or the  corrected mass 
flow ratio, WsV/TTs / Wp^T^". 

LVDM - Plug Length to Diameter Ratio - The length of the exposed portion 
of the plug divided by the equivalent maximum diameter of the 
configuration. 

Most of the variable inputs may be input as curves as an allowable jption. 
To exercise this option, the user places a 1 in column 6 (number of input 
values) and the appropriate input code in column 9« The data curves are then 
input as either univariant (one independent and one dependent variable) or 
bi-variant (one dependent and two independent variables) according to the 
input code selected. The identifier (name) of each curve (as given in Table l) 
is formed by adding' the (two-digit) card number and (one-digit) input code 
number to the characters IDC. For instance, a bivariant curve for nozzle 
pressure ratio is called IDCO73. The curve data are input on cards following 
the 25 cards in the main input set. 

Univariant curve data must begin with a card containing the curve identifier 
(alpha-numeric) in columns 1 through 6, an interpolation cede integer in 
columns 7 through 9, an extrapolation code integer in columns 10 through 12, 
and the total number (integer) of input fields for X and Y data for the curve 
in columns 13 through 15. The succeeding cards contain the data in the order 
X., Y , X , Yp ... in real number (decimal) fields of six columns each start- 

ing in column 1. The univariant curve data input key is found in Table 2. 

Bivariant curve data begin with a card containing the identJfer (columns 1 
through 6), the interpolation code in columns 7 through 9, the extrapolation 
code in columns 10 through 12, the number of Z values (integer, columns 13 
through 15), and the number of X and Y fields for each Z in integer fields 
of three columns each starting with column l6 and input in the same order as 
the Z values. The following cards contain the data in the order Z , X , Y , 
X , Y , ... Z , X , Y , X , Y , ... in real number fields of six columns 

each starting in column .1, The bivariant curve data input Key is found in 
Table 3» An example of each curve type is given in Appendix A, 

U.1.3 Input Routine Control Cards 

The input routine control card follows a complete main input set of 25 cards 
and optional input curves and allows the user one of four options. If further 
variations in the nozzle independent variable-type inputs (cards 3 - 2l) are 
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desired with the inclusion of a new title card, a 99 car (columns 2 and 3) 
containing the number of variation cards to follow (coluivis 5 and 6) is used. 
If no new title card is to follow but variation cards are included, an 88 
card is used (8 in columns 2 and 3, the number of variation cards in columns 
5 and 6). The variation input cards need contain only those data changed 
from the previous case but may not be used to change either fixed input or 
nozzle-dependent variable input. Additional optional data curves follow the 
variation cards but a new curve may not be used to replace a curve used in 
the basic case. If another basic case of 25 cards is to follow, an 888 card 
is used (columns 1, 2,  and 3» all other columns blank) followed by the 25 
cards and optional data curves. The input routine is terminated by the use 
of a 999 card. The arrangement of the input, curve, and control cards is 
shown in Figure 25. 

h.2    PROGRAM OUTPUT 

The aircraft geometric characteristics and internal and external performance 
parameters are printed at the end of each case. Input inconsistency or non- 
convergertce of a program iterative routine causes the program to print an 
error message and advance to the next case. A discussion of the output format, 
including a listing of all the error messages, is presented below. 

k.2,1    Format Description 

The input title for the computer run is printed out at the beginning of each 
set of output data. This is . llowed by the configuration description 
(nozzle spacing, interfairlng type, nozzle type, vertical stabilizer type, 
and clean or actual aircraft model) at the left side of the page. The aft-end 
geometric characteristics and the internal and external performance parameters 
are listed in four columns, each of which contains descriptive variable names 
and the associated input or computed value. The first (left hand) column 
lists the input flight conditions and computed performance parameters. The 
next column lists the fixed and nozzle-power setting dependent aircraft 
geometric parameters.  Nozzle internal areas and exhaust flow characteristics 
are listed in the third column. The fourth and final column contains the 
boattail pressure and friction drags, the base drag, and the total aft-end drag 
in both force and coefficient forms. The drag coefficient reference area and 
the portion of the aircraft to which the analysis applies are defined by the 
comment lines printed out after the numerical data. Sample output pages are 
shown in Appendix A. 

k,2.2    Error Messages 

An inconsistent set of input data or a convergence failure in a program 
subroutine will result in an error message being printed out. When a situa- 
tion causing an error message is encountered, the program ceases computation 
on the case being processed and proceeds to the next case. Each error message 
contains a brief description of the type of error and is generally self- 
explanatory. In the throat area iteration in the main routine, a location 
number is printed out in case of non-convergence identifying which of several 
similar iterations the case passed through. 
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Input inconsistencies found by the main program are as follows: 

DIMENSIOm FLIGHT SPEED INPUT REQUIRES AMBIENT PRESSURE AND 
TEMPERATURE INPUTS 

NON-STANDARD TEMPERATURE INCREMENT MAY BE USED ONLY WITH ALTITUDE 
INPUT FOR PRESSURE 

NON-UNITY DIVERGENCE AREA INPUT FOR  NON-DIVERGING NOZZLE 

Additional input data checks are made by nozzle performance subroutines. 
Error messages from these checks are: 

Subroutine EJECTR 
SECONDARY FLOW TOTAL PRESSURE LESS THAN FREESTREAM STATIC 

Subroutine NOZPLG 
PLUG  NOZZLE MUST BE CHOKED 

Error messages which may result from non-convergence of iterative computations 
are as follows: 

MAIN Routine 
A    WILL NOT  CONVERGE 

INPUT TEMPERATURE ITERATION WILL NOT CONVERGE 
Subroutine AFTEND 

REYNOLDS NUMBER ITERATION FAILED 
EXTERNAL EXIT MACH NUMBER ITERATION FAILED 

Subroutine EJECTR 
PUMPING CHARACTERISTICS ITERATION FAILED 
EXIT PRESSURE ITERATION FAILED 
MACH NUMBER  ITERATION FAILED 
RECOMPRESSION PRESSURE GREATER THAN THROAT PRESSURE 
UNCHOKED WSWP GREATER THAN CHOKED  WSWP 

Subroutine NOZZLE 
NOZZLE THROAT AREA ITERATION FAILED 
NOZZLE EXIT MACH NUMBER ITERATION FAILED 
COMPUTED  NOZZLE DIVERGENCE AREA  LESS THAN UNITY 

Subroutine NOZPLG 
MACH NUMBER ITERATION FAILED AT LOCAL EXPANSION ANCLE 
NOZZLE EXIT MACH NUMBER ITERATION FAILED 

I4.3    PROGRAM SETUP 

The computer program has been written in FORTRAN IV compatible with the 
SCOPE 3.3 system for the CDC 6600 digital computer.    The program requires 
300,000 octal bytes of core, 20 seconds of run time per 100 cases, and stand- 
ard input/output files, except an alternate file used by LSTDAT, described 
below. 

The computer program source deck contains one main routine and 13 subroutines. 
These are listed below in hierarchical order,  i.e.,  each indentation indicates 
that the subroutines in that list are first used by the subroutines in the 
preceeding list. 
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MAIN 
AFTEND 
ATM02 
EJECTR 
FLTSPD 
ITRATI 
LSTDAT 

N0ZZLE 
XTRP 

AREAS 
ITERAT. 
ITRATA 
ITRATE 

A brief description of each routine is provided below: 

MAIN        - Processes  input,  calls subroutines,  and prints results. 

AFTEND    - Computes twin-nozzle/aftbody drag. 

ATM02       - Obtains ambient pressure and temperature for the 1962 U.S. 
standard atmosphere. 

EJECTR    - Computes thrust coefficient for a convergent-divergent 
ejector nozzle. 

FLTSPD    - Provides freestream Mach number,  true air speed,  and Indicated 
air speed provided one of these parameters is known. 

ITRATI    - One-dimensional solution of a non-linear equation. 

LSTDAT    - Reads in from regular input file,   stores an alternate input 
file to be read by the program for the purpose of listing the 
input data 

NOZPLG    - Computes thrust coefficient for shrouded and unshrouded 
plug nozzles. 

NOZZLE    - Computes thrust coefficient for convergent and convergent- 
divergent nozzles. 

XTRP        - Interpolates and extrapolates input data curves. 

AREAS      - Determines area and Mach number for both primary and secondary 
ejector nozzle flow streams provided the pumping characteristics 
and static to total pressure ratios for one of the streams  is 
known. 

ITERAT    - Computes Mach number from the Prandtl-Meyer expansion angle. 
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ITRATA    - N-dimensional non-linear simultaneous equation solution. 

ITRATE    - One-dimensional solution of a non-linear equation. 

The order for deck assembly is  standard.    Job control cards are placed at 
the front, followed by the source deck containing the main routine and 
subroutines listed above.    Cards with case input data including the input 
curves, follow the source deck.    As noted earlier,  only standard input and 
output files are required,  except for the alternate file used by LSTDAT. 
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APPENDIX I 

SAMPLE CASES 
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DME^Sm  I):1R(   mi.DOBK   8 » ,R:RTC()(32I ,F IG5 C32» , OOB2 (*5 ) MAIN 
OMF^SHM   AAISCI«   XX(50).   DIFF(49),   F32lBl(3&lt   NVARY(24) HAIN 
OlMF^Sm   IOC0 72(*>OI»(O:O73(3OOI »I0CO82(50) ,1 DC392 (50 ». I ÜC09* (50) ,MA IN 
ID:i02(50)*IDClI2( 50) «I O: 123(50) »I0CU2(5Ü)f I OCi 42(50 )tlOCl 52(50 )MA IN 

I0Cl72(50),ID:i82(50J,I0Cl83(lÜ3),IDC192I50», MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 

t IOC 162(50) 
ID: 202(50)» 
I0:203(300)f I0C212(5O).I3C222(5O)fI0C232(53),IDC234(50), 
n: 242(50),IBLM2 3),nCU7O0) , I NCURV(22 ) ,CJRV ( 300 ) 

OME^SIDN  TITLFCIB) ,01 N( 30, 10) »I NUM(30) »I COOE ( 3J) 
FJUIVALEMCE ( IDC( I) , I()C072( I)) , ( IOC ( 51), IOC373(l)) 

1(I DC(3 51), I DC 0621 I) ),(IOC14 01),IDC092 (1)) , 11 DC(V51) , IDC094(1)), 
2(I0:( 501), IOC IC2( I) ) ,(IDC(551),IOCil2(l)) ,(IDC(501) ,IDC123(1)), 
3(I0:( 651), IDC 132(1) ) ,( I [)C( 701) ,1 0C142( 1)) , (I DC (751), I0C152 (1 ) ), 
4(ir):(801),IOCU2( 1)) ,(IDC(851),I0C172(1)) ,(IDC(^31),IDC182(1)), 
6(ID:( 951), IOC 183(1) ),(I0:( 1051» ,I DC 192(1) ), (IOC (HOD, 100202,1)), MAIN 
6(ID:( 1401), IOC 203(1 )),(I 0:( 1451» ,I0C2I2(1)),(I0C(1501),I0C222(1)),MAIN 
7(I0:(1550), IDC232(1)),(IOC(1601),I0C234(1)) , ( I DC(1651),IDC242(1))   MAIN 

E3UUAIENCE ( IMJM3, I NUM( 3) ) , ( INUM4,I NUM(* ) ) , ( I NJM5, INJM ( 5» ), 
l(nji6 ,INÜM( 6)),(INUM7 ,1 NUM( 7)),(INUM8 ,1NJM( 8)), 
2(IMJ<19 ,INÜM( 9)),( INUMIO.I NUM(IO)) ,(INUMlltINJM(ll)), 
3(IMJil2, IMUM( 12)),( INUM13,INUM(13)) , (I NUM14* I NUMI 14 ) ), 
4((NJ^15, INJM( 15)),( INUM16,INUM(16)) , (I NUM17,I NUM( 17 )), 
5(IMJ118,IMUM( ie)),( INUM19,(NUM(19)),(INUM20,1NUM(20)), 
6mj<121,IMüM(21)),( INUM22,INUM(22)),(lNUM2i,INÜM(23)), 
7(INJ^24, INUM( 24)) 

DATA 
1* 
2* 
3* 
4* 
5* 
6* 
7* 
8* 
9*ILE 
A« 
B* 
C* 
D* 
E* 
F» 

DATA 
G* 

DOB/ *NARR*,*3W S* 
*, *INTE*,*<MED* 
*, *WI0E*,* SPA* 
*, *WIDE*,* SPA* 
*, *HORI*,*ZnNT* 
*, *VFR1*,*ICAL* 
*, *CONV*,*ERGE* 
*, *C0NV*,*ERGE* 
*, »CONV*,*=RGE* 
*, *UNSH*,*?OUD* 
*, *SHRC*,*lil)fcO* 
*, *SING*,*LE V* 
*, *TWIN*,* VFR* 
*, ♦CLEA*,*M AI* 
*, *ACTL*,*AL A* 
*/ 
DnH2/*SUHS*,*3NIC* 

♦ SEPA*,*^ATE* 
♦S£PA*,*IATF* 
*FLOW*,*ING * 
*CRIT*f*ICAL* 

*, 
*, 
*. 

*PACI* 
*MTF* 
*:ING* 
♦CING* 
*AL   I* 
* INT* 
*NT N* 
♦NT-D* 
♦NT-D* 
*F3   P* 
* PLU* 
*E*TI* 
*TICA* 
*»:RA* 
*UCR* 

* PLCi* 
*D-CU* 
*D   FL* 
*FULL* 
*-UNC* 

♦NG     *,* ♦ 
* SPA*,*CING* 
* *,« * 
* *,* * 
*NTFR*,*FAIR* 
*ERFA*,*IRIN* 
*OZZL*,*E * 
♦IVER*,*GFNT» 
*IVER*,*GENT* 
*lUr. *,*N02Z* 
•G NO*,*ZZLE* 
*CAL »»»STAB* 
*L ST*,*ABIL* 
*FT M»f*O0fcL* 
*AFT   *,*          * 

* 
* 
* 

*INC 
*G 
* 

*, 
*. 
*, 
*, 

* NDZ*, 
* FJE*, 
*LE     *, 
* ♦» 
*ILIZ*, 
*IZFK*, 
* * 
* *, 

*W   (U*,*NCHO*,*CKtD*, 
*SP  I*,*NTER*»*POLA*, 

*,* 
♦,♦ 
*,♦ 
♦,♦ 
♦,* 
*,* 
♦,* 

ZLE ♦,* 
CTÜR*,* 

*,♦ 

ER 
S •,* 

• »* 

* 
* 

NOZ* 

*.* ) 
TION*,* 

*»* H* *,        ♦S£PA*,*IATF*,*D   FL*,*GW     *,* ♦,* * 
I* *,        *FLOW*,*IN&   *,*FULL*,* *,* *t* * 
J* *,        *CR IT*f*ICAL*,*-UNC*,*HQKF*,*D        *,* *,* ♦,♦ 
K* */ 

DATA   DOBl/*METR*,*IC   B*,*ÄEAK*,* *,*MAX I *,*MJM   *,*AREA«,« 
mFGFR   0 
PEAt LHfJOM,IMSF,LFXP, IDC    ,LP,LMB 
RE A. I0C072,IO:O73fID:082,I0CO92,IDC394tIOC132,lDC112,IDC123, 

1 ID:132, I0: 142,IDCl52,1 DC 162,1DC172,IDC 182, IDC 192,I 00202,100203, 
2 I0:2 12,IDS 222,1002 32,100234,100242,100183 

DATA   IBLK/O, 350,   400, 500,  550,   603,   550*   793,   750,   800,MAIN 
1   850,   900, 1050,   1100, 1450«   1500,   1530, 1650/        MAIN 
F3( TERMD« 3. 5-SIN (2 3.8062*1 T{ RMI-.95))/COS (23. 8J62*(TERMl-,95 )) MAIN 
C2mMl)   »8.E-t/(( TRM1-.9651**2*4.F-4) MAIN 
C3(T<MX)   «   .0011-.00205*SIN(74.8*(TRMX   -.952) ) ♦ I ( .92-TRMX)*.0574»   MAIN 

I   ABS(( .92-TRMX)*.0574))/2. SAIN 

MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 

,MAIN 
,MAIN 
,MAIN 
«MAIN 
,MAIN 
.MAIN 
,MAIN 
«MAIN 
«MAIN 
«MAIN 
«MAIN 
«MAIN 
«MAIN 
«MAIN 
«MAIN 

MAIN 
«MAIN 
«MAIN 
«MAIN 
«MAIN 
«MAIN 

MAIN 
»/MAIN 

MAIN 
MAIN 
MAIN 
MAIN 
MAIN 

000 
001 
002 
003 
004 
005 
006 
007 
008 
009 
010 
Oil 
012 
013 
014 
015 
016 
017 
018 
019 
020 
021 
022 
023 
024 
025 
026 
027 
028 
029 
030 
031 
032 
033 
034 
035 
036 
037 
038 
039 
040 
041 
042 
043 
044 
045 
046 
047 
048 
049 
050 
051 
052 
053 
054 
055 
056 
057 
056 
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F<»IU'm,TA^M2»=TA™i-C2JUPMll*(TARM2-F)(TARMl)»**2*C3JrAf<Ml» MAIN 059 
I  MTARM2-F3( rARMin**3 MAIN 060 

DATA  RC^TCO      /     2.,           1.,             0.t            28.f MAIN 061 
A 0.. .883.     .05, ,9, .1, .917.     .15,        .932,   MAIN 062 
B .2, .943,     .3, .961,       .%, .972,     .5, .977.   MAIN 063 
C .6. .981,     .8, .986,        1.Ü,        .989,     1.2,        .992,   MAIN 064 
0 1.6,          .995,     2.0,          .996       / MAIN 065 

OATH   FIG5     /        2.,           1.,          0.,          28., MAIN 066 
1 0..           .998,      5.,          .988,     10.,        .978, 15.,        .968,          MAIN 067 
2 20.,        .953,      25..        .947,     30.,        .937, 35.,        .929,          MAIN 068 
3 40.,        .921,      50.,        .908,     60..        .897. 70..        .886.          MAIN 069 
4 80.,        .882,      90.»        .877     / MAIN 070 

OAU   FG2181   /     2.,           1..          0..          32.. MAIN 071 
A                    0.,           .953,      1.,          .96,       2.,          .966, 3.,          .971,          MAIN 072 
B                   4.,           .975.      5..          .978.     6..          .93. 7..          .982.          MAIN 073 
C                    8.,           .983,      9.,          .984,     10.«        .9843, 11.,        .9851,        MAIN 074 
0                    12.,         .9855,   13.,        .9858,   14.,        .9859, 15.,        .9859   /     MAIN 075 

3=3 MAIN 076 
CAL.   LSTOATini MAIN 077 
MO  •   888 MAIN 078 
IVA)Y   »   19 MAIN 079 
DD   1   I   =   1,22 MAIN 080 

I WA^Y( II « 0 MAIN 081 
PI = 3.1415927 MAIN 082 
GAMFS • 1.4 MAIN 083 
R\9 = 1716.5 MAIN 084 
G*Ay/ = 32.174 MAIN 085 
RAD  =    .017453 MAIN 086 

5 REAJ(n,1000lTMLF MAIN 087 
IMIH22»! MAIN 088 
nu«l23»l MAIN 089 
nU«l24«l MAIN 090 
IF(HD   .EO.   8881 MAIN 091 

IPEA3(U,10I0)    IS0,NT,1T,AWING,AM,AM»AH,LMB0M,IMSF,AWFAM MAIN 092 
6 03 10 J = 1,1 VARY MAIN 093 

HEADH,10151 ICAR3,INUMIi:AK0l,ICU0E(ICAK0) , (QINIICARD.11.1*1. lOiMAIN 094 
IFIHU   ,NJE.    886»   NVAOY(IuA?D|   =   ICARO MAIN 095 

10       CDNTINUK MAIN 096 
IF(1VARY(4)    .FQ.   0   .AND.   INO.   HZ,   8881   SO   TO  253 MAIN 097 
IF(IC'JÜF(4» .NE.4IGD    TO   12 MAIN 098 
0311   1=1.10 MAIN 099 

II 0M(4,I)*QIN(4,II*1.E6 MAIN 100 
IFHVAPYU) .NF.OIGl   TO  250 MAIN 101 

12        IF   (NT   .NF.    li   GO   TH   15 MAIN 102 
PEA0(Q,1020IATMIN,«TMAX,0,a«(0,l *1,12) MAIN 103 
G3   T3   25 MAIN 104 

15        IF   m   .NE.   2»  G(l   Tfl   20 MAIN 105 
READ(0.1020)FL.AEATMN.AEATMX MAIN 106 
READia,1020HQ,I«l, 12» MAIN 107 
G3   T3   25 MAIN 108 

20 IFIMT .ME. 3» GO T3 24 MAIN 109 
03   21   J»l,3 MAIN »10 

21 REA0(3,1015»ICAKD,INUM(ICA«0»,IC00E(ICAR0i ,(QINIICAR0,I»,I*1,10» MAIN 111 
REAOIO,1020»LE)iP,AEATMN.AE«T^X.GAMS MAIN 112 
G3   T3   25 MAIN 113 

24       PEA0(n,1015IICARD,INUM(ICAR0»,ICO0E(ICAR0»,(OIN(ICARO,l),l«l. 101     MAIN 114 
READ(0.1030»ALPHAP.AP8,ATMIN.ATMAX,AEATMN.AEATMX MAIN 115 

♦♦•CONTINJING , 



REA0(Otl020HQtIMt8l 
JS IF|ICDOr( 12).EQ.4   .AND.   NT. GT.l) OAEAT«! AE ATM«   -AEATMNI/20. 

IFIHSF   .GE.   0.)   G3   TO  250 
READ(QV1040M INCUR VC J J ,J=l, 22) 
NI^SF   «   IN:URV(3J/2 
RCAOd), 1030)    ((XXlDfAAi 11) ,I=1,NIMSF) 
NHl » ^msF-i 
SA   ■    0. 
03   370   I'UNIHl 

370      OIFF( I)=(AA(I*I)-AA( UI/(XX(I♦!I-XX( 11) 
03   380   I   >   liNIMl 
AOIFF   =-AAC IMIfAAd) 

380      SA        = AOIFF*OIFF(I)   ♦^DI FF*(OIFF( I» l»-OIFF( I n/2.   ♦SA 
I^SF   »   SA/( l.-AA(NIMSF)l 
HSF   ■   ABS( IMSF) 

250      IFHND   .NE.   886)   G3   TU   265 
03   26   I«1,1700 

26 IDCI I)  >   0. 
265     03   30   I«7,2* 

IFIHO   .NE.   888  .AND.   NVARYU      )    .EO.   3)   GO TO  33 
Iu3C   =   IBLM 1-6) 
IF(I    .E3.   7   .AND.   IC0DE(7)    .EQ.    3)   ILOC-I LOC«!>0 
IFd.EO.   9   .AND.   CnOEi    9) . EU.^ ) I Lf)C=I L0C»50 
IF(I    .E3.   20   .AND.   ICOOE(20)   .EQ.   3)   ILOC *l LüOi30 
IFd.EO.18   .AND.   i:00E(l8).EQ.3) ILGC=IL0C*50 
IF(I.EQ.23   .AND.   i:nnE(23).EQ.*)ILOC=1L0C*50 
IF(   MT.NE.3 .AND.I.GE.22)G0   TO  30 
IF   (ICOOE(I)    .EO.   1    )G0   TO   30 
IF   (ICOOEII)   .EQ.   3   .AND.(I    .EO.   9  .OR.   I    .E0.23   )) 

IGD   T3   30 
IFIICOOEd)   .EQ.     <*   .ANO.d.EQ.20  .OR.   I.EQ.121)00  TO  30 
IFdCOOEd) .EQ.2.A^D.I.E0.12)G0   TO 30 
iFd.GT.22   .AND.   i:ODFd ) .EQ.3)   GU TO  30 
READIO,1040)1 FNCURVI J)tJ = l,22) 
H   •    INCURVm 
IFdCOOEl I)   .NE.     3)   GO   TO   29 
ir-d   .FS.   12   .OR.   I.EQ.18)30   TO  29 

0**BIVAÄIATE 
NIHZ   «   INCURVI3) 
NJMZ4=NUMZ*3 
Z«4AX   «   0. 
I<«0 
IZSJ^   »  0. 
03   27   Ja   4,NUMZ4 
nsjA * IZSUM ♦ IN:URVU) 

27 ZHAX   «   AMAXKFLOATdNCURVI JM »ZNAX) 
IZMAX-ZMAX 
IZMX1«IZMAX»1 
NJIZXY  «   2   ♦   IZSUM 
REA0(0»1030)    (CURV(K),K = 1,NUMZXV) 
03   28     IR   ■   1,MJMZ 
IZ   ■    INCURVI IR«3)4-1 
03   280   IS«lfIZ 

280      IOC( IL0C*I<*6*IS)»:URVdS*IZMXl*dR-l)) 
IOC( IL0C*IK*6)=IZ-1 
K   »    IK*   IZ   ♦   1 

28 C3NTINUE 
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I0CIIL0O5I   »    INCIÄVOI MAIN   173 
I0CUL0O«!   =     ZMAX   ♦   2. MAIN   174 
lOCClLnOU   =    INCWVIll MAIN   175 
I0CIIL0C*2)   »    INCWV(2» MAIN   176 
G3   TD   30 MAIN   177 

29 I0C(IL0C*<i) = INCWV(3I MAIN 178 
IDCdLOCM) - INCU^VIl) MAIN 179 
I0CIIL0O2) » I.\CU'V(2) MAIN 180 
REA0(0,1030M IDCl JU10O4) ,J = l,I N) MAIN   181 

30 C3NTtNUE MAIN 182 
OH » 2.*S0*T( AM/PN M * IN 183 
LP^m   •   2 MA IN   184 

390      IF(ICU0E(18I    .NE.   3J   GO   TO   40 MAIN   185 
SA   ■    0. MAIN   186 
AHAMB   »     l./AMBAM MAIN   187 
OMO^a   «      l./SOftT(AMBAM) MAIN   188 
NHSA   «   I0:iR3(4l/2. MAIN   189 
>4IMAI   -   NIMSA-l MAIN   190 
03   395     I   «   l.NIMSA MAIN   191 
XXin   =   I I0C183C2*I*3)-LMBDM|*0MDMB MAIN   192 
AA(I»   «      I0CI 83(2*1 ♦4» *AMAMB HAIN   193 
IFd.GE.   21   OIFFU-ll    =(AACII-AAII-l»»/(XX(n-XX( I-lll MAIN   194 

395     CDMTINUE MAIN   195 
03   39 7     I   «    1,MMA1 MAIN   196 

397      SA   >(AAm-AAI I*m*OIFF(imAAm-AA(Uin*(0IFFn*l)-OIFF(m/2.MAIN   197 
1   ♦   SA MAIN   198 
QINl l8,l»«SA/( l.-AA(NIMSAI) MAIN   199 
On( l8,l) = ABS(QIN(I8,m MAIN   200 

40        03   3003       I3>IfINUM3 MAIN   201 
03   3004       I4«ltINim MAIN   202 
03   3005       I5*lfINUM5 MAIN   203 
01   3006        16=1,INUM6 MAIN   204 
03   3007       I7»l,INUM7 MAIN   205 
03   3008       I8«1«INUM8 MAIN   206 
03   3009        I9"1,INUM9 MAIN   207 
03   3010     IlO'ltlNUMlO MAIN   208 
03   3011     IllMtlNUMU MAIN   209 
03   3012     I12*ltlNUM12 MAIN   210 
03   3013     113=1,fNUHl3 MAIN   211 
03   3014     I14»1,INUM14 MAIN   212 
03   3015     I15«1«INUM15 MAIN   213 
03   3016     116=1,INUM16 MAIN   214 
03   3017     117*1,INUM17 MAIN   215 
03   3018     118*1,INUM18 MAIN   216 
03   3019     119*1,INUH19 MAIN   217 
03   3020     120*1,INUM20 MAIN   218 
03   3021     I2l>l,INUM21 MAIN   219 
03   3022     I22«l,IWUM22 MAIN   220 
03   3023     I23«1,INUM23 MAIN   221 
03   3024     124=1,INUM24 MAIN  222 
V3                 »3IN(C3,I3   I MAIN   223 
V4                 '3 INI C4,14   I MAIN   224 
V5                  OIN(C5,I5   ) MAIN   225 
V6                 =3IN(C6,I6   ) MAIN  226 
V7                 *31N(C7,I7   » MAIN  227 
V8                 »3IN(C8,I8   » MAIN   228 
V9                 «3IN<C9,I9   ) MAIN   229 

• •♦CONriNJING 71 



" 

VIO >3IN(10 
Vll «3IN(11 
V12 *3IN(I2 
V13 =3IN(I3 
V14 «3INIK 
V15 «3IN(15 
V16 *9IN(16 
V17 «3IN(17 
V18 =3IN(18 
V19 =3INI 19 
V20 =3IN(20 
V21 «9IN(21 
V22 *3rN(22 
V23 »3INC23 
V24 =3IN(24 
V209  =   0. 
FLAG3   -   0, 
ITMO   =   0 
iFdCODFO)    .GC. 

IC3I)E(3I   =   I   SECTION 
IF   (ICODFm    .NE. 
IF   ( IC0ÜE(5I    .EQ. 
IFIICODEISI    .EO. 

• HOI 
»I1II 
»1121 
»1131 
»1141 
»1131 
»1161 
»1171 
»1181 
»1191 
»1201 
»1211 
»1221 
»1231 
»1241 

2   I   GO 
**** 
II   GO 
II   GO 

21   GO 

TO   35 

TO   31 
TO   47 

TO  2 001 
«   0IM5»I5I/(1.*.2*QIN(3»I3I**2I 

31 

32 

33 

34 

V5 
GD   n   47 
IF   (I CODE!41    .NF.   21   GO   TO   33 
GED'A   «   3N(4»I4l/(0IN(4»I4|/2.0e4482E7 
CALL   ATM02IGE0PA,   0.»   Vb,   V4,   ERRI 

II V5 = 0IN(5»I3I 
21    V5  =   VS   ♦   QIN(5»ISI 

♦•   1.1 

IF(IC00E(5I 
IF(I£flOF(5l 
IF( IC0De<5l 
GD   T3   47 
IF(ICnOF(4l 

.EO. 

.EQ. 

.FO. 31    Vb =   0IN(5,r5l/U.».2*0IN(3,l3l**2) 

.NE.   31   GO   TO  34 
GE1>A 
G3   TD   32 
IF|IC0DE(5I 
IF! ICÜDEI5I 

0INI4»I4I 

1 

.EO.   21   GOTO  2001 
.EQ.   31    V5 «   QIN(5»I5)/(l.t.2*QIN(3fI3)**2l 

V4   =   Om4, I4MRRR*V5*2.27E-8*( V5l**a.5l/<V3*SQKT(GAMFS*RRR*V5I« 
(V5*198.6II 

GD   TD   47 
C   ICD0E(3I   =   2 

35 

36 

37 

361 

SECTION   **♦* 
IF(ICnDF(4l   .NE.   II   GO   TO  37 
IFIICilOEISI   .EQ.   21   GO   TO  2001 
IF(IC0DE(5I   .EQ.   31   GO   TO  2000 
CAL.   FLTSPOIIC0nE(3l»   QINl3»I 31 »V3 »VK»VM»VI»VMI»V4»V5I 
IF(IC0OE(5l   -   31   47,38.38 
IFIICODEU)   .NE.   21   GO   TO  39 
GFD'A   •   QIN(4»I4l/(QIN(4»m/2.084482E7   f   1.1 
CAL.   AT^02   (GEOPA,   0.»V5»V4    »ERPI 
IF(ICnOE(5l    .EQ.   II   V5  -  QIN(5»I5I 

.EQ.   21    V5 =  0IN(5.I5I»V5 

.NE.   31   GO   TO  36 

38 

IFl ICÜ0EI5I 
IF(IC00F(5I 
KT   »   0 
GD   TD   36 
TTF   «   V5*(l 
SAVV5  =   V5 
CALL    ITRATE 

♦   .2*V3»*2I-0IN(5»I5I 

TTF,   0.»   KTI 
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MAIN 286 
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IFIADS(TTF)   .LT.   0011   GO   TO   47 
IMU    .OT.   251  GO   TO  2007 
IF(SAVV5  -V5   .GT.   0.1   V5   «   AMAXIIV5,   .8*SAVV5) 
IF(SAVV5  -V5   .IT.   0.)   V5   =   AMINHVSf   l.2*SAVV5l 
IF(<T    .FQ.    11    V5  «   l.0l*V5 
G3   TD   3fl 

30        IF(ICr)DF(4l   .NF.   3)   GO   TO  2000 
GED>A   «     aiN(A,m 
G3   TD    361 

47 IFJICnDfc(7I.LE.ll   ZO   T049 
IF( ICr)DE(7).GF.3»   50   Tn48 
CALL   XTRP  CV3   ,77.0..IOC 072) 
G3   T3   49 

48 CALL    XT9P   ( V3, V7, V6 , n)C073) 
49 IF   (IC0DE(3).LF.ll   GO   TO   50 

CAL.    XTKP   (V6fV8,0. »IDC082» 
50 IF(MT.GF.4)   GO   TO   127 

IF! ICnOFI9|.GE.3l   30   TO   66 
IFC icnoF(9».LE.ii :,n TO 54 
CALL    XTRP   ( V3,V9fO. tI0C092l 

54 IF   ( ICUOE(IO) .LF.l)   GO   TO  56 
55 CALu   XTRP(V9,V10»0. ,100102) 
56 IF   ( ICOOE« in.Le.l)   GO   TO   58 

CALL    XTRPiV9,VlU0. ,I0C112I 
58        CAL.    XTRP(V10,V58,0.,FIG5I 

CAL.    XTRPmi,V59,0. tRCRHD» 
V60=AMAX1(V59(V58   i 
A   »   F3(V6üJ 
IF   | «lT.NE.lt   GP   TO   64 
IF   1V7.GF.F3( V€0)      )     GO   TO   64 
V60   »      F4IV60,V7» 

64        V64  =   V9*V60 
G3   TJ    153 

66 IF   (IC00E(9).Eg.3l   GO   TO   67 
CALL    XTRP   (V3,V9,0. ,IDC094» 

67 IF   ( ICCIOF(10I.GE.2»GO   TO   94 
IF   ( ICOOEI 11I.GE.2)G0   TO   79 
CALw    XTRP   (VIC,V68,0..FIGS) 
CAL.    XTRP   ( V11,V69,0.,RCRT:0) 
V7ü«AHAXl(V68,V69) 
V60=V70 
A   =   F3(V70J 
IFl^T.NE.U   GO   TO   76 
IF   (V7.GE.   F3('v70)»   GO   TO   76 
V70«F4(V70, V?} 
V60=V70 

76        V76«V9/V70 
V64=V9 
V9=V76 
GD   TJ   153 

79 V79«V9 
KDNV»0 

80 CAl. XTRP(V79fVll,0. ,I0C112) 
CALL XT«P(V11,V81,0.,KCRT:D» 
V82=V79<iV81 
CAL.    ITRATI   1 V?9,IV9-V82l/V9t0.0»     AM,   33 ,-73,3,K0NVl 
IF   (<0NV-2)   80,84,2003 
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♦AM,30»-7D,3,KONV> 

»♦  CALL    xnPCVlO»V8«fO.0fFI(;5l 
V85>    AHAXK V81,V84I 
V60=    V85 
A  «   F3(V8S) 
IF(NT    .NE.   1)   GO   TD   91 
IF(^7   .GE.F3( VE5n30   TO 91 
V85»   FMV85,V7) 
V60=    V85 

91   m»    V9/V85 
V64=   V9 
V9»   V91 
03   TD    153 

94   IF((CODEC 11)   .GE.   21   GO  TO   112 
K3W=0 
V96»V9 

97       CALLXTRPI V96,Vlü»0.0fIDClO2) 
CALi.    XT«P(V10fV98f0.0fFIG5» 
V99=   V96*V98 
CAL.    ITHATI   ( V96,(V9-V99»/V9,0. 
IF   (<0NV-2>   97,101,2004 

101   CAU    XTRP(V11,V101,0.0,RCRTC0) 
V102=   AMAXl(V9e,V101) 
V60=   V102 
A  »   F3(V102) 
IF(^T.NE.   1>   GO  TO   108 
IFU7   .GE.F3( V102))G0  TO  108 
V102»   F4(V102,V7) 
V60»   V102 

108     V108=   V9/V102 
V64«   V9 
V9«   V108 
G3   T3   153 

112     V112=V9 
K3N\/«0 

113  CALL   XT%P( V112,V10,0.0,IOC102I 
CAL.    XTRP(V10,V114,0.0,FIS5I 
CAL.   XTRP(V112,Vll,0.0,I0:il2) 
CALw   XTRP(V11,V116,0.0*RCRTC0) 
V117=   AMAX1(V114,V116) 
A  «   F3IV117) 
IfiHT   .NE.   1)   GO  T3   121 
IFW7   .GE.F3C V117HG0  TO  121 
V117«   F4(V117,V7) 

121     V121*   V112*V117 
CALw    ITRATI    ( V112,( V9-V121»/V9,0. ,AM,30,-70,3,KONV» 
IF   (<0NV-2)   113,123,2005 

123     V60«   V117 
V64»   V9 
V9«  V112 
G3   T3    153 

127     IF   ( ICnOEI9).GE.3)   GO  TO  136 
IF  UC0DEI9J.LE.U  GO  TO  130 
CAL.   XTRP   I V3,V9,0. ,100092) 

130     IF  I ICOOFi 11) .LE.l)   GO  TO 132 
CALL   XTRP   ( V9,V11,0..I0C112) 

132     CALL    XTRP   ( VI 1,V132, 0. ,FG21 811 
V60*V132 
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V64»   V9»V132 
G3   T3   153 

136      IF   (IC00EJ9I.EC.3I   Gü   TO   138 
CAL.   XTUP   ( VJt V9,0. .IDC09*» 

138 IF   I ICOOFdll .LE.lt   GO  TO  148 
V139=V9 
K3NV»0 

139 CALL XFRP ( V 129, VI1,0. , I 3: 1121 
CAL. XTRP ( Vll,V14l,0.,F32181l 
V142«V139*V141 
CALL    ITRATI    (V139,1 V9-VU2»/V9,0.,AM,30f-70,3tKÜNV) 
IF   «<0NV-2I    13cfU4,2005 

U«     V60«V141 
V64»V9 
V9«V139 
03   T3   153 

1*8     CAL.   XTRP   ( VllfVU8«0.,FG21Rl) 
V149«V9/VU8 
V60-VU8 
V64«V9 
V9»V149 

153      IF   (IC00E(12I .GE.4)   GO   TO  157 
IF   ( ICOOEI12).LE.2I   GO   TO   158 
CAL.   XTRP   ( V9,V12,0.,I0C123» 
G3   T3    158 

157 V12«   AEATMN 
158 IF(t/12.ME.l.      AND.   (NT.LE.l   .OR.    M.EQ.^NGO  TU 2008 

V158«   V12*V9 
IF(ICODFI13».LE.1I   GO   TO   161 
CAL. XTRP (V15£,V13.0.,IO:i32l 

161      IF   ( ICnOE( m.LF.l»   GO   TO  163 
CALL XTRP ( VlSe,VU,G.tID:i42» 

163     IF   ( ICODEI m.LE.D   GO   TO  165 
CALL XTRP ( VlSEfV15.0.,I0:i52) 

165     IFUCODEI 16I.LE.1)   GO  TO  167 
CAL.   XTRP   ( V15E,V16,0.,ID:i62i 

167 IF   (NT.LT.41   GQ  TO   168 
IF   (IC00E(22)    .LE.   1) GO  TO   1671 
CALL    XTRP(V9tV22,0. .IDC222I 

1671  AEP   »   V158/C0S(ALPHAP*RA0»**2 
R>B   =   SORTIAPB/PIl 
Li>   =   V22*0M 
R'   >   LP*TAN(ALPHAP*RAü) 
RPT   »   RP   ♦   RPB 
APT   «   PI*RPT**2 
V168   »  AFP   ♦  APT ♦   V13*V158 
G3   T3   169 

168 V168*2.*(V158*V13*V158) 
169 IF   ( IC00E(17).LE.l)   GO  TO  171 

CALL   XTRP   ( V16e,V17,0.,I0:i72l 
171      IF   ( ICOOEI 18).NE.2I   GO   TO  173 

CALL XTRP ( V16E,V18t0.fI0:i82} 
173      IF   I ICOOEC m.LF.ll   GO   TO  175 

CALL XTRP (V166,V19,0.,IO:i92l 
175     IF   ( ICOOE(20».LF.l»   GO   TO  185 

IF   ( I CODEC 201 .GE.4»   GO   TO  183 
IF   ( ICO0EI20I.EQ.3»   GO  TO  180 
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CAL.   XTRP     (V3fV20t0.fIDC202) MAIN  456 
G3   n   185 MAIN   459 

180     V180  «   V4*V3*SQRT(l.40*RRR*V5l*(V5*l98.5J/(2.27E-8*(V5l**(1.5ll/     MAIN   460 
in(U*V5l MAIN   461 

CALL    XTRP   ( V3tV20fVl80,IOC203» MAIN   462 
G3   n   185 MAIN  463 

189     TAW=   V5*( l.».2*.89*V3**2) MAIN   464 
T>^I   =   V5*I l.*.035*V3**2*.45*(TAW/V5-l,_*» MAIN  465 
LEFF   ■   QIN( 20tI20)*DM MAIN   466 
AMU>   «     2.27E-C*TP<I   ♦♦1.5/(TPRI ♦ige.&l MAIN  467 
RHO   »   GRAV*V4/(RRR*V5) MAIN   468 
UFS  *   V3*S3Rr(GAMFS*RRR*V5l MAIN  469 
RHCP   =   GRAV*V4/IRR«*TPRIl MAIN   470 
REP   =   LEFF*RH0P*UFS/(AMUP*3RAV) MAIN   471 
Amj«      2.27E-8*V5  »»l. 5/( V5* 198.6» MAIN  472 
RETHE T»AMUP/AMl*   .044«REP        /(AIOGIOIRFP        »-1.5J**2 MAIN   473 
V20»   GRAV*^ETHET*AMU/IRHO*UFS*DM) MAIN   474 

185     IF(IC0DE(21».LE.U   GO   TO   187 MAIN   475 
CALL    XTRP   ( Vl5EtV21tO.»ID:212) MAIN   476 

187     IF   m.LE.2)   GO  TO   204 MAIN   477 
IF   IMT.GE.4I   GO  TO  204 MAIN   478 
IF   ( ICnnE(22l .LE.l)   GO   TO   191 MAIN   479 
CALL    XTRP   (V9VV22«0.tlOC222i MAIN   480 

191      IF   nC00E(23) .GE.3»   GO   TO  196 MAIN   481 
030=1. MAIN  462 
IF   ( IC00EI23) .LE.U   GO   TO   195 MAIN   483 
CALw    XTRP   (V3tV23«0.vIDC232) MAIN  464 

195 GJ   T3   199 MAIN   485 
196 030>2. MAIN 466 

IF ( IC00E(23I .E0.3I GO TO 199 MAIN 487 
CALL   XTRP   I V3«V23.0.flOC234) MAIN  488 

199      IF   I IC0DEI24I .LE.U   GO   TO  204 MAIN   489 
CAL.    XTRP   ( V6, V24t0.»I0C242) MAIN   490 

204     AB     ■   V13*V15e MAIN   491 
AriF   «   AWFAM«AH MAIN   492 
LIB   »   LMBOM*DM MAIN   493 
WS3WI   ■   0. MAIN   494 
PTS'TP   =   0. MAIN   495 
IFm.NE.3»GAM£ ■   V8 MAIN   496 

O^OOEL   =    IC0DE16» MAIN   497 
COM   »   V60 MAIN   498 
M3ZE«R*0 MAIN 49^ 
IFIMT   .LE.   2)   CALL  NOZZLE(V9«V64tV12,V8»V?»QMOOEL.NT.FL, CON. CT*        MAIN   500 

1 FLAG.NOZE^R . TIO.: S.XMOM.: T10» A .XMEXI Tl MAIN 501 
IFIM3ZERR .NE. 0.) GO TO 217 MAIN 502 
V33 = V12/V22 MAIN 503 
IFCMT.   F3.   3>   CALL  E JFCTRI V94'V22 tV64 .VUO. 1./V22. V7. V23.QQ0W6.GAMSMA IN   504 

l,/24   .CON^T.WSnMPl.PTSPTP.FLAS.NOZEPR.LEXP.CTIO.XMOM.OMQOEL. MAIN   505 
2 CS.TIO.XMEXm MAIN 506 

IFmZERR .NE. 0.) GO TO 217 MAIN 507 
IFHT    .GE.4)   CALL   NOZPLGI V9 ,V12 , LP.ALPHAP , AP», V3 . V7 .CON, CT .FLAG.      MAIN   508 

1 ^3ZERR«TIO,CSfQM03EL .VS.CTIO.XMOM. ATMI N» ATMAX.KMEX IT ) MAIN 509 
IF(M3ZERR .NE. 0.) GO TO 217 MAIN 510 
0FS=GAMFS/2.*V^*V3**2 MAIN 511 
AIQ * AMBAMOAM MAIN 512 
CALL   AFTENOI V3.0FS.V4.V5. MAIN   513 

2 V64.V158.AB.NT.V3.V7,AMB     ,AM.LMBDM.ISO.IT.   MAIN   514 

•♦»CONTINJING 



=   V12 
21* 

214 

2000 
2500 

1 IMSFtVL8,VlS,V16tVU«V20«/VWFAHfV21fAWINS«V19*V17f 
3 08TP,0BTF,0Bt0T, 
2 COBTP,COaTF,CCBtC3T,CTMTDtAFT6RR,CTlD,XMOM,V9,TIO,CT,TMO, IMST, 
5  AT>4INfATMAX«)(MEXir«GAMS) 

IF(AFTERR   .NE .   0.)   GO   TO  217 
IFUCnOE   U2I.LE.3)   GO   TO 216 
IF   (FLAGO.EO.l.)  GO   TO  216 
ITMO« ITMD»l 
V?09   ■   AMAXK V209*TMOi 
IFIV209   .EO.   TMDI   V210 
IF( ITMO.GT.21) 3U   TO 
V12=V12*()AEAT 
GH   TD   158 
V12«V210 
FLAGQ«l. 
G3   TD   158 
WUTE   (6,2500) 
FIR^ATI      «ODIHENSHNAL  FLIGHT  SPEED   INPUT   REQUIRES   AMBIENT   PRESSJ 

2E  A^D   TEMPERATURE   INPUTS*) 
01   T3        217 

2001   W*ITE   (6*2501) 
2501   FDR<1AT(      ♦ONON-STANOARO   TEMPERATURE   INCREMENT   MAf   BE  ÜSEO ONLY   Ml 

1H  ALTITUDE    INPUT  FQR   PRESSURE*) 
01   Tl 217 
W^ITE   (6,2503) 
FDR^AT   l*OM = >n<)  WILL   NOT  SONVERGE*) 
GD   TD        217 
W^ITE    (6,2504) 
FDR>4AT   (*0AT«VS6  Will   NOT  CONVERGE*) 
GD   TD        217 
W^ITE   16,2505) 
F3R^AT(*0AT=    V112     WILL   NOT   CONVERGE*) 
GD   TD 217 
W^ITE   (6,2507) 
FDRIAT   (      *INPLT   TEMPERATURE   ITERATION   WILL  NOT   CONVERGE*) 
GD   TD   217 
WRITE   (6,2508) 
FDR^AT   (      *0   NON-UNITY  DIVERGENCE   AREA   INPUT   FOR   NON-DIVERGING  NO 

IZLEM 
GD   TD   217 
DJT   CASE   ANSWERS 
IF   (LPRINT   .NE.  2)   GO   TO  2160 
WRITE!6,3999) 
LPRINT   =   0 
WRITE   (6,3998)   TITLE 
GD   TD   2161 
WRITE   (6,4000)   TITLE 
AF   «   AM-V168 
AFMET   =   AMB-Vlt8 
IFLAG*FLAG 
IS0X*100 
IF( ISD.E3.4)IS0X*109 
WRITE   (6,4001)   |003( IS0*9-9»L),L*1,9I ,(D0B(IT*9»27«L),LM,9), 

1 l0DB(NT*9^45«L),L>l,9),O0B(IS0X-Ul),L*l,9),(00B(IC00E(6)*9»l08 
2 L),L«1,9) 

WRITE   (6,4002) 
WRITE   (6,4003)     V3,A WING,(D0B2(I FLAG*9tL-9 ) ,L«l,7 )      ,0BTP  W4,AM, 

2003 
2503 

2004 
2 504 

2005 
2505 

2007 
2507 

2008 
2508 

C  PUT 
216 

2160 
2161 

MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 

RMAIN 
MAIN 
MAIN 
MAIN 

TMAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 

ZMAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 

♦MAIN 
MAIN 
MAIN 
MAIN 

515 
516 
517 
518 
519 
520 
521 
522 
523 
524 
525 
526 
527 
528 
529 
530 
531 
532 
533 
534 
535 
536 
537 
538 
539 
540 
541 
542 
543 
544 
545 
546 
547 
548 
549 
550 
551 
552 
553 
554 
555 
556 
557 
558 
559 
560 
561 
562 
563 
564 
565 
566 
567 
568 
569 
570 
571 
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217 
302* 
3023 
3022 
3021 
3020 
3019 
3018 
3017 
3016 
3015 
3014 
3013 
3012 
3011 
3010 
3009 
3008 
3007 
3006 
3005 
3004 
3003 

3025 

9999 
1000 
1010 
1015 
1020 
1030 
1040 
3998 
3999 
4000 
4001 
4002 

1  V9»08TF   ,V5,AHB,V64,r)B      ,LMB,V158,0T      «AWFtV8 
H*trE(6,4004)    V6tCS»C0BTP   , V7,C0N,C0BTF   »CT, ABtMS0HPl»C0B» 

1  Cmo,AF,PTSPTP,CJT     »AFMETtVlB   tlMST 
IF(V3   .LT.    1.1   WRITE(6»4005)(OOB1(JI fj'lf4) 
IF(V3   .GF.   1.1   WRITE(6,4005)(Ü0B1(J) fj«5»8) 
LPRHT  «   LPRINT  ♦   1 
CONTINUE 
C3MTINUE 
CDMTINUE 
CD^riNUE 
C3NTINUE 
C3NTINUE 
CD^riNUF 
C3NTINUF 
C3MTINUF 
C1NTIMUE 
C3NTIMUF 
CS^TINUE 
C3NTINUE 
C3MTINUE 
C3MTINUE 
C3NTINUE 
CINI'tNUE 
C3NTINUE 
C3NriNUE 
C3NTINUE 
CSNTIMUE 
C3NTINtJE 
C3Nr|Nue 
REA0(0f lOlOMNOtlVARY 
IF( IND.F0.999ISTOP 
03   3025   I   «1,22 
NVA^Yd)   =   0 
IF(HO   ,EQ.   86)00   TU   6 
IFdMO   .EQ.   99)G0   TO   5 
|y/A<Y   »   19 
G3   T3   5 
ST3» 
F3R<4AT(18A4) 
P3R<IATf3l3»6Fli.OI 
F3R<1AT(3I3, 10FC.OI 
F3R4Ar(4F6.0) 
F3R1AT(12F6.0I 
F3RiATC6X,22I3) 
F3R1AT   ( 1H   ,T21,18A4) 
F3R1AT   ( 1H1» 
F3R«1AT   ( lH0,/,/,T2l,18A4) 
F3R4AT   ( 1H0,    T1U,   «CONFIGURATION«,   /,T13,   5 (9A4./,T 13)) 
F3R4AT   (1H0,    T10,   «FLIGHT  CONDITIONS«,   T37,   «FIXED   AIRFRAME*, 

1   T65,   «NOZZIE   PARAMETERS«,T96,   «AFT-ENO   DRAG« 
4003   F3R4AT   f1H   ,    T10,   «MACH   N0«,SX,   F7.4,5X,«WING   AREA«,   7X,   F7.2,5X, 

1 7A4,      3X,   «OBT  PRESS«,6X,   F7.1,/,1H   ,   T10,«P   AHB,PSF«,6X,   F7.i, 
2 5X,   «MAX  AREA«,   8X,   F7.3,   5X,   «THROAT  GE OM  AREA«,   3X,   F7.4,    5X, 
3 *DBT   FRICT«,   6X,   F7.1,/,H   ,T10,«T  AMB,R«,  BX ,F7 . 1,5X,«M. B. AREA« 
4 8X,F7.3,   5X,   «THR3A T FLOW AREA«,  3X,  F7.4,   5X,   «0  BASE«?9X, F7.1, 
5 1H  ,T37,   «INIT.BT.LENGTH«,   2X,F7.3,  5X,   «EXIT   AREA«,10X,F7.4,5X, 
6 «0  TOTAL«,   8X,F7.1,/,1H   ,   T10,   «PERFORMANCE«,   l&X,   «INIT.ST   AW FT 

MAIN 572 
MAIN 573 
MAIN 574 
MAIN 575 
MAIN 576 
MAIN 577 
MAIN 578 
MAIN 579 
MAIN 580 
MAIN 581 
MAIN 582 
MAIN 583 
MAIN 584 
MAIN 585 
MAIN 580 
MAIN 587 
MAIN 588 
MAIN 589 
MAIN 590 
MAIN 591 
MAIN 592 
MAIN 593 
MAIN 594 
MAIN 595 
MAIN 596 
MAIN 597 
MAIN 598 
MAIN 599 
MAIN 600 
MAIN 601 
MAIN 602 
MAIN 603 
MAIN 604 
MAIN 605 
MAIN 606 
MAIN 607 
MAIN 608 
MAIN 609 
MAIN 610 
MAIN 611 
MAIN 612 
MAIN 613 
MAIN 614 
MAIN 615 
MAIN 616 
MAIN 617 
MAIN 618 
MAIN 619 
MAIN 620 
MAIN 621 
MAIN 622 
MAIN 623 
MAIN 624 

.MAIN 625 
/MAIN 626 

MAIN 627 
«MAIN 628 

•♦♦CONTINJING 
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7  ,   4XtF7.3»   5X,*GAMMA*fUXtF7.*   I                                                                                 MAIN 629 
♦00*   FIMAF   ( IH   ,MC»   *l> S*,13X,F 7.4»   T65 , ♦CS*, I 7X»   F7. %,5X,«tCD8T   PReSS*MAIN 630 

1 ,   4X,   F8.5,/tlH   fTl0.*PTJ/PAMB*»7X»F7.4»5X,*VARIABL6  AIRFRAME*»     MAIN 631 
2 UX»   *CDN*,    ItX,   F7.4»   5X»   *CDttT  FRICT*,4X»F8.5,/,IH  »TIO»   *CT*,   MAIN 632 
3 13X,   F7.4f    5Xf*BASE   AREA»,   7X»F7.3f5X,   ♦WSWP«,   15X,   F7.<»»5X,             MAIN 633 
4 »CD   BASE*,    7X,F8.5»/,1H   ,T10»*C ( T-DTJ *,8X ♦F7, *.   5X,*T0rAL   A   FRONTMAIN 634 
5AL*.lX,F7.3,5Xf*PTS/PTP*fl2X,  F7.4,5X,   *C0   fOfAL* ,6Xf F8.!»,/. IH   ,      MAIN 635 
6 T37,    »METRIC   A  FR3NTAL*,F7.3,/,IH   ,T37 ,*I MSA* ,12X,   F7.4,/,1H   ,        MAIN 636 
7 T37,   *IMST*,    12XtF7.4  )                                                                                                      MAIN 637 

4005   F3R4AT(IH0f    TIC,   *ALL   ORASS   FOR   TWO   NOZZLES*,/,1H   ,   T10,   «DRAG  COEMAIN 638 
lFFi:iENTS  REFERENCFO   TO   WING   AREA*,   /,1H    ,   TU,   *ORAGS   ARE   FOR   AFTMA IN 639 
2-ENO   AFT   3F   *,4A4,   /,   IH   ,   T10,   *ALL   AREAS   ARE   IN   SOUAKE   FEFT*    I     MAIN 640 

F^D                                                                                                                                                                MAIN 641 

***END 

79 



SUBnUTINE   AREASIPTPOPfPTSPTP,SAMfWSOWPl» AREASOOO 
C3M<i3N   /AREA/GAMM,3AMMS,GAMS»APOAT,ASOATtQMP,QMS ARfcAS005 
PTSDP   =   PTPUP*PTSPTP AREASOIO 
O^P   =   S3Rr(2./GAMM*(PTPnP**(CAMM/GAM»-l.n AREAS015 
(HS  «   SaRT(2,/GAMMS*(PTSOP**(GAMMS/GAMS»-l.n AREAS020 
BP   =    I.   ♦  GAMM/2.*ÜMP**2 AREAS025 
BS   »   1.   ♦  GAMMS/2.*QMS AREASOIO 
AP3AT   =   l./(WSOHPl*SQRT(BP/BS»*QMP/QMS*l.l AREAS035 
AS34T   «   1.   -   APOAT AREAS040 
RETURN AREAS04f) 
EXO AREAS050 

80 
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SUÖOUTINE   ATMC2(ALT,0eLTfTAMfPAK,FRR» 
E^i«   «   0 
ALT<^   «  ALT*3C^.8E-6 
IFCALTKM   .GT,    II. »30   TO   10 
TA*»  «   2B8.15 -   6,5*ALTKM 
PAM   =   2115.22*((288.15-6.5*ALTKM»/288.15I*^5.255876 
GJ   TD   40 
■r   (ALTKM   .GT.   20.)   GU   TO  2 0 
»A^        216.65 
PAM   =   472.685*EXP(-.l57688*(ALTKM-ll.n 
G3   TD   40 
IF   (ALTKM   .GT.   32.1   GO   TO   30 
TAM   =    216.65   ♦  ULTKM-20.» 
PAM   »    11A,345*(216.65/TAM»**34.1632 
GD   TD   40 
IF   (ALTKM   .GT.   47.1   GO   TO  60 
TAM   *   228.65   ♦   2.8*1ALTKM-32.» 
PAM   «    18.129   ♦   (228.65/TAM)**12.20111 
TAM   =    (TAM*l,e)   ♦   DFLT 
RFTJ«N 
WKITE(6f 1000) 
CD   TD   50 

1000   FDMATdHO^ATMO  ROUTINE   LIMITS   EXCEFUEO*   ) 
FMD 

10 

20 

30 

40 
50 
60 

ATM02000 
ATM02001 
ATM02J02 
ATM02003 
ATM02004 
ATM02005 
ATMU2006 
ATM02007 
ATM02008 
ATM02009 
ATH02010 
ATM02011 
ATM02012 
ATM02013 
ATM02014 
ATMÜ2015 
ATM02016 
ATMO2017 
ATM02018 
ATMÜ2019 
ATM02020 
ATMÜ2021 
ATM02022 
ATM02023 

♦♦♦END 

8l 
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SUBnUTINE   AFTENOHOtO«PO*TC l,AJCD,AE,AB,NT,GAM,PrPFS,AMB «AM, AFTENOOO 
I LNAOMtlSO«IT IMSF«IMSA,TH£ TAE«THETAM«OELXOM«THETOM«AWFAM«AWTAM, AFTEN001 
2 AWlMGtOFLAAM, L0Mv0BTP,0BTF, 0B*DT,C0BTP,C0BTF,CDB »coT.crMro, AFTEN002 
3 AFTERR   ,CT rXMOM.AT.TlO.CV ',TMD,IHST,ATMIN,ATMAX ,HE,GAMS 1 AFTEN003 

OMEMSION  K2MCl(40)    •   K2M02(40I    t   K6IMST(149)    ,   K3THET(26i AFT EN004 
DME^SmN  <4IMSni01i    «   K4IMS2(95I   *   K^IMSBClOl» AFTEN005 
DIMENSION   <«IMS4(107)    ,   K4IMS5(951    ,   K*IMS6(33» AFTEN006 
DIMENSIÜN  K5THMK125)    ,   K5THM2(93»   ,,   K5T-tH3(l39| AFTFN007 
DIMENSION  KICVLII93) ,KICVSI(93) AFT EN008 
OME^SION  <ICVI69» AFTEN 009 
DME^SION  KICVL2J71»   ,   KICVS2(93) AFTENOIO 
DIMEMSIUN   KlCVL3(7ll    ,   Ki:VS3(93l AFTFNOll 
REAL MO. [MSTl,LOM,IMSF,IMSAfIMST,ME.KlCV.KlCVSl ,K1CVL1 AFTEN012 
f»EA. KICVS2, K1CVL2«K1CVS3« K1CVL3,K2M01, K2K)2«K3rHET AFTEN013 
?EAL K^FMSl »K4IMS2,K4IMS3, K4IMS4,K4IMS5 «K4INS& AFTEN014 
»EAL K5THMI, ,K5THH2,K5THM3, K6IMST AFT EN 015 
REAi. LMfl,L^BOM,LLtMU,MUP ,LEFF,LVAR,LT AFTEN016 
DATA KICV     / 5.,           1., 0. ,          lb, , 4.« AFTEN017 

A 14«, 0«,           0., 0.,          .002* -.30075 f.004. -.0013, AFTEN018 
B .006, -.0018,   .008, -.0022,   .01, -.0025 ..012, -.0027, AFTEN019 
C 14., .6,          0., 0.,          .002, -.J0075, ..004, -.0013, AFTEN020 
0 .006« -.0018,.008, -.0022,.01, -.0025 i.012. -.0027, AFTfcN02l 
E 14.. .8,           0., 0.*          .002, -.3014« .004, -.0024, AFTEN022 
F .006, -.003,   .008, -.00335,.01, -.33355, ..012, -.0036, AFTEN023 
G 14., .9,          0.» 0.,          .002, -.3314« .004, -.0024, AFTEN024 
H .006, -.0032,.008, -.0039,.01, -.304*, ..012, -.0048/ AFTEN025 

DATA KICVLl     /   5.,           U, 0.,         22., 4.« AFTEN026 
A 20., 0.,          0., 0. ,         .002, .0308« .004, .0016, AFT6N027 
8 .006, .0022,   .008, .0022,   .01, .0319* .014, .0012, AFTEN028 
c .018, .0007,   .022, .0002,   .03, -.330b* AFTEN029 
0 20., .6,           0., 0.,          .002, .0338« .004, .0016, AFTEN030 
f- .006, .0022,   .008, .0022,   .01, .0319« .014, .0012, AFTEN031 
F .018, .0007*   .022, .0002,   .03, -.3305* AFTEN032 
G 20., .8,           0.« 0.,          .002* .0314* .004, .0027, AFTEN033 
H .006« .0035«   .008« .0038,   .01, .0333* .014, .0022, AFTEN034 
I .018, .0013«   .024« .0001,   .03, -.3308* AFTEN035 
J 20., .9«          0.« 0.»          .002, .3313* .004, .0034, AFTEN036 
K .006, .0045«   .008« .0049,   .01, .3343* .014, .0028, AFTEN037 
L .018, .0016«   .024* .0001,   .03, -.3012 / AFTEN038 

DATA KICVSl   / 5.,           1.* 0. ,          22. , 4.. AFTEN039 
A 20., 0.*          0.« 0. ,          .094, -.0035, .008, -.0015, AFTEN040 
B .012, -.0025*.016* -.0031 ,.02, -.0035, .022, -.0037, AFTEN041 
c .024, -.0038*.026« -.0039,.028« -.304* AFTEN042 
0 20., .6«          0.« 0. ,          .004, -.3035, .008, -.0015, AFTEN043 
E .012, -.0025«.016» -.0031,. 02* -.3035*.022* -.0037, AFTEN044 
F .024, -.0038«.026« -.0039«.028« -.304* AFTEN045 
G 20., .8»          0.« 0.»          .004« -.3303* .008, -.001, AFTEN046 
H .012, -.0024«.016« -.0038 (.02* -.3347* .024, -.0054, AFTEN047 
1 .028, -.0061«.032« -.0068*.036* -.3374, AFTEN048 
J 20., .9*          0.« 0* *         .004* .3002, .008, -.0002, AFT EN049 
< .012, -.0024*.016* -.0042,.02* -.3354* .024, -.0064, AFTEN050 
L .028, -.0074*.032* -.0084*. 039, -.31        / AFTEN051 

DATA KICVL2   / 5.*          1.* 0. ,         22. , 3.* AFTEN052 
A 20., 0« ,          0., 0.,         .002« -.3032, .004, -.0004, AFTEN053 

♦••CONTINJING 
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H .006, 
c .018, 
0 20., 
E .006, 
F .018, 
G 20., 
H .012, 
I .02 8, 
0AT4 K1CVS2   / 

A 20., 
B .012, 
C .024, 
0 20., 
E .012, 
F .024, 
G 20., 
H .006, 
I .02, 
J 20., 
K .006, 
L .02, 

DATA K1CVL3   / 
A 20., 
B .012, 
C .024, 
D 20., 
E .012, 
F .024, 
c 20., 
H .008, 
I .026, 

DATA K1CVS3   / 
A 20., 
8 .006, 
C .02, 
0 20., 
E .006, 
F .02, 
G 20.* 
H .006, 
I .02, 
J 20., 
K .006* 
L .02, 

DAT« K2M01 
* 1.0* 
A 1.2* 
B 1.6* 
C 2.0* 
0 2.4* 

DATA K2M02     / 
* 1.0* 
A 1.2* 
B 1.6* 
C 2.0* 
0 2.4* 

DATA K3THET 

-.0007*.008* 
-.0022*. 022* 
.6* 0.* 
-.0007*.008, 
-.0022*.022* 
.9, 0.* 
-.0053,.016, 
-.0096,.032, 
5., 1., 
0.* 0.* 
-.0012*.016* 
-.0024*.026* 
.6* 0.* 
-.0012*.016* 
-.0024*.026* 
.8* 0.* 
0., .008* 
-.0036*.024, 
.9, 0., 
-.0003,.008, 
-.004!»*.024* 
5.* 1.* 
0.* 0.* 
-.0008*.016* 
-.0016*.026* 
.6« 0.* 
-.0008*.016* 
-.0016*.026, 
.9* 0.* 
-.0007*.012* 
-.0053*.032, 
5.* 1.* 
0.* 0.* 
-.0004*.008* 
-.0021..024* 
.6* 0.* 
-.0004*.008* 
-.0021*.024* 
.8« 0.* 
.0007* .008* 
-.003* .024* 
.9, 0.* 
.0019* .008* 
-.0032*.024* 
2.* 1.* 
1.1* 1.1* 
1.1* 1.3* 
.85* 1.7* 
1.0* 2.1* 
1.0* 2.5* 
2.* 1.* 
1.3621*1.1» 
1.3621*1.3* 
1.0316*1.7* 
1.0* 2.1* 
1.0» 2.5* 
2.» 1.* 

-.001, 
-.0026 
0.* 
-.001* 
-.0026 
0.* 
-.0065 
-.0104 
0.* 
0.* 
-.0016 
-.0026 
0.* 
-.0016 
-.0026 
0.* 
-. 0006 
-.0043 
0.* 
-.0009 
-.0054 
0.* 
0.* 
-.001, 
-.0018 
0. , 
-.001, 
-.0018 
0. , 
-.0023 
-.006, 
0. , 
0., 
-.0006 
-.0026 
0., 
-.0006 
-. 0026 
0.» 
.0003, 
-.0041 
0., 
.0011, 
-.0045 
0., 
1.1» 
.982» 
.88» 
1.0» 
1.0» 
0.» 
1.3621» 
1.20» 
1.012» 
1.0, 
1.0, 
0. , 

.01, 
».025, 
.002» 
.01» 

«.025« 
.034, 

,.02, 
,.036, 
22., 
.004, 

,.02, 
,.028, 
.00'«, 

,.02, 
,.028, 
.002, 

,.012* 
,.028* 
.002, 

,.012, 
,.028, 
22., 
.004, 
.02, 

,.028, 
.004, 
.02, 

,.028, 
.004, 

,.016, 
.04, 
22., 
.002, 

,.012, 
,.028, 
.002, 

,.012, 
,.028* 
.002* 
.012* 

,.028, 
.002, 
.012, 

,.028, 
36. 
1.2 
1.4 
1.8 
2.2 
2.6, 
36. 
1.2 
1.4, 
1.8, 
2.2, 
2.6 
22. 

-.3012, 
-.3029* 
-.3002* 
-.3312* 
-.3029* 
-.3017* 
-.376* 
-.0112 
4.* 
-.3031* 
-.302* 
-.3028* 
-.3031* 
-.332* 
-.3023* 
.3C'01* 
-.3019* 
-.3049* 
0.* 
-.0023* 
-.3363 
3.* 
-.3032. 
-.3013* 
-.3019* 
-.0032 * 
-.3013* 
-.3019* 
.3303* 
-.3035* 
-.3066 
4. * 
-.3001* 
-.3311* 
-.3033* 
-.3031* 
-.3011* 
-.3033* 
.3304* 
-.3309* 
-.3052* 
.3308* 
-.3035* 
-.0057 

.014,     -.0017, 

.004 

.014 

.008 

.024 
/ 

.008 

.022 

.008 

.022 

.004 

.016 

.004 

.016 
/ 

.008 

.022 

.008 

.022 

.006 

.02, 
/ 

.004 

.016 

.004 

.016 

.004 

.016 

.004 

.016 
/ 

1.1» 
.932, 1.5, 
.936, 1.9* 
1.3« 2.3* 
1.0     / 

1.3621, 
1.12*.     1.5* 
1.00*      1.9» 
1.0»        2.3* 
1.3     / 

-.0004* 
-.0017* 

-.0037* 
-.0086* 

-.0007* 
-.0022, 

-.0007, 
-.0022, 

.0002, 
-.3028, 

0., 
-.3035, 

-.3005, 
-.0015, 

-.0005, 
-.0015, 

.0002, 
-.0044, 

-.0002, 
-.3016, 

-.0002, 
-.0016, 

.0006, 
-.0019, 

.0015, 
-.0019, 

.86* 

.98* 
1.0* 

1.067, 
1.0, 
1.0, 

AFTEN054 
AFTEN055 
AFTEN056 
AFTEN057 
AFTEN058 
AFTEN059 
AFTEN060 
AFTEN061 
AFTEN062 
AFTEN063 
AFTEN064 
AFTEN065 
AFTEN066 
AFTEN067 
ArTEN068 
AFT EN069 
AFTEN070 
AFTEN071 
AFTEN072 
AFr£Nü73 
AFT EM074 
AFTEN075 
AFT6N076 
AFTEN077 
AFTEN078 
AFTEN079 
AFTfcNOeO 
AFT £* 081 
AFTeN082 
AFTEN083 
AFTFN084 
AFTEN085 
AFTEN086 
AFTEN087 
AFTEN088 
AFTEN089 
AFTEN090 
AFTEN091 
AFTEN092 
AFTEN093 
AFT EN094 
AFTfiN095 
AFT EN096 
AFTEN097 
AFTEN098 
AFTEN099 
AFTEN100 
AFTEN101 
AFTEN102 
AFTEN103 
AFTEN104 
AFTEN105 
AFTEN106 
AFTEN107 
AFTEN108 
AFT EN 109 
AFTENUO 
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A 0.. 0., 2.* .006* 4.* .313* 6.. .019, AFIENUl 
rt 8., .026* 10.* .0325* 12., .039* 14.. .046, AfTENll2 
C 16.* .054* 18.* .065« 20.* .08 1 AFTEN113 

DATA KMHSl      / 5.* 1.* 0.* 32.* 3.* AFTEM14 
A 16., .15, -2.0* .052* -1.5* .355* -1.25, .056, AFTEN115 
B -1.0, .059* -.75, .063* -.5, .368* -.25, .074, AFTEN116 
C 0., .080* 14*0. * AFT EN 117 
0 16., .34* -2.0* .085* -1.5* .091, -1.25, .096, AFTENlie 
6 -1.0, .102* -.75* .110, -.5, .121* -.25, .1375, AFTEN119 
F 0.« .157* 14*0. , AFTeN120 
G 30., .47, -2.0* .10* -1.5* .112* -1.25. .12, AFT EN 121 
H -1.0, .129* -.75, .14* -.5* .152* -.25. .17, AFTENJ22 
I 0., .198* .25* .244* .55* .344, .55. .344, AFTEN123 
J .75, .291, I.Of .246« 1.25, .216. 1.5. .198     / AFT£Ni24 

DATA K4IMS2      / 5.* 1.* 0.* 30., 3.. AFTEN125 
A 1?., .13* -1.8. .041* -1.5, .340. -1.0. .043, AFT EN 126 
B -.75, .044* -.5. .048* -.3, .351. 16*0.. AFTtN127 
C 12., .30* -1.75* .072* -1.5* .375. -1.Ü. .085, AFTEN128 
D -.75, .094* -.5* .105* -.3* .118. 16*0.. AFrEN129 
E 28., .41* -1.7* .08* -1.5. .083. -1.0. .095, AFT EN 130 
F -.75, .103* -.5* .115* -.25. .144. 0.. .212, AFTtN131 
G .25, .34* .38* .424* .38, .424. .5. .40, AFTEN132 
H 1.0, .295* 1.25* .26. 1.4, .24 / AFTEN133 

DATA K4HS3     / 5.* 1.* 0.* 32., 3.. AFT EN 134 
A 16.. .12, -1.75, .038, -1.5, .337. -1.25. .037, AFTEN135 
0 -1., .038* -.75, .04* -.5, .343. -.25. .047, AFTEN136 
c -.1, .05, 14*0. , AFTEN137 
D 16., .26, -1.75* .061* -1.5, .361, -1.25, .063, AFTEN138 
E -1., .065, -.75. .069* -.5* .373, -.25, .079, AFTEN139 
P -.1, .083* 14*0. * AFTEN140 
G 30., .39, -1.75* .069* -1.5* .373, -1.25* .077, AFTEN141 
H -1., .083, -.75* .09* -.5, .398, -.25* .116, AFTEN142 
I 0., .18, .25* .275* .47, .393, .47* .39 3, AFTEN143 
J .75, .341* 1.* .303* 1.25, .27, 1.6* .229     / AFTEN144 

DATA K4HS4     / 5.* 1.* 0. * 34., 3., AFTEN145 
A 12., .15, -1.75* .075* -1.5, .376, -1.0* .08* AFTEN146 
8 -.75, .084, -.5, .088. -.3, .392, 20*0.* AFTEN147 
C 12., .34, -1.7* .062* -1.5, .363, -1.0* .066, AFTEN148 
D -.75, .07, -.5, .074* -.3, .377, 20*0., AFT EN 149 
E 32., .47, -1.7* .04* -1.5, .04, -1.0* .045, AFTEN150 
F -.5, .052, -.35, .055* -.35, .355, -.25* .07, AFTEN151 
G 0.* .115, .25, .177. .5, .256, .6* .289, AFTEN152 
H .6, .289, .75, .258. 1.0, .214, 1.25* .179, AFTEN153 
1 1.4, .161 1 AFT EN 154 

DATA K4IMS5     / 5., 1.* 0. . 30., 3., AFTEN155 
A 14., .116, -1.65* .045. -1.5, .345, -1.25* .047, AFTEN156 
R -1.0, .049* -.75* .052* -.5,.055,-.22 *.061*14*0.* AFTEN157 
C 14., .20, -1.65, .064* -1.5, .364, -1.25* .065, AFTEN158 
D -1.0, .068* -.75, .071, -.5,.075,-.25 ..08.   14*0.. AFTEN159 
E 28., .38* -1.78, .1* -1.5* .133, -1.25. .106, AFT EN 160 
F -1.0, .112* -.75, .119, -.5, .13, -.25. .149, AFTEN161 
G 0., .23* .25, .428, .5* .47, .5. .47, AFT EN 162 
H .75. .394* 1.0, .345, 1.32* .338 / AFTEN163 

DATA K4IMS6     / 2., 1., 0. , 26., AFTEN164 
A -1.75, .065* -1.5, .066, -1.25* .067, -1.0. .07, AFTEN165 
fl -.75, .075* -.5, .068, -.25, .112, 0., .15, AFT EN 166 
c .25, .215* .48, .3, .43* .3, .75, .25, AFT EN 167 
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1) 
DATA 

A 

1.0. 
K5TH^1 

28.. 

.218 
/   5.. 

0.« 

1 
1.« 
0. , 

0. , 
-.008, 

30. , 
2.« 

4. , 
-.033, 4.« .001« 

AFT EN 168 
AFT EN 169 
AFTCN170 

S 6.. .004. 8., .006, 10.« .302, 12.» -.018« AFTEN171 

c U. * -.049, 16., -.085, 18.« -.114, 20.» -.125, AFT EN 172 

n 22.. 
28.« 

-.125. 
.6* 

24., 
0. , 

-.122, 
-.008, 

26.« 
2.« 

-.123, 
-.003, 4., .001, 

AFTEN173 
AFTFM74 

F 6.. .004. 8., .006, 10.« .332, 12.» -.018» AFTEN175 

G K. . -.049. 16., -.085, 18.« -.114, 20.» -.125. AFTEN176 

H 22.» -.125. 24., -.122, 26., -.123, AFTEN177 

I 28,. .8. 0. « -.026, 2., -.019, 4.» -.014» AFTtN17« 
• 
j 6.. -.009» e.. -.006, 10., -.009, 12.» -.037» AFTEN179 

14.. -.075. 16.« -.113, 18. , -.145, 20.» -.158. AFTEN180 

[ 22.. -.156« 24., -.152, 2S., -.147, AFTEN181 

•A 28.. .9« 0. , -.026, 2., -.019, 4.» -.014. AFTEN182 

N 6.. -.009. 8., -.006, 10.« -.009, 12.» -.037. AFTEN(183 

3 14.« -.075» 16., -.113, lb.« -.145« 20.» -.158. AFT EN 184 

p 22.. -.156» 24., -.152, 26. . -.147 1 AFTEN185 

DATA K5THM2 /   5.» 1., 0. , 22. . 4.« AFTEN186 

A 20.. 0.» 2., -.017, 4.. -.016, 6.« -.016. AFTEN187 

Q 8.« -.017» 10., -.02, 12. . -.33», 14.» -.067, AFTtN188 

c 16.. -.099. in.. -.127, 20. . -.138, AFTEN189 

Ö 20.. .6. 2., -.017, 4.. -.316, 6., -.016, AFTEN190 

f- 8.. -.017. 10., -.02, 12.. -.333, 14., -.067. AFT EN 191 

f- 16.. -.099, 18., -.127, 20.. -.138, AFTEN192 

r. 20.. .8« 2., -.027, 4.« -.027, 6.» -.027. AFTEN193 

H 
I 

8.. 
16.. 

- . 02 9. 
-.123. 

10., 
18., 

-.034, 
-.155, 

12., 
20., 

-.056« 
-.172, 

14.» -.087. AFTEN194 
AFT EN 195 

J 
K 

20.. .9« 2., -.022. 4., -.321, 6.» -.021. AFTEN196 

8.. -.022. 10., -.026. 12., -.049, 14.» -.087. AFTEN197 

L 16.. -.132« 18., -.17. 20., -.187 / AFTEN196 

DATA K!>THM3 /   5.« 1.» 0. . 26. , 4., AFT EN 199 

A 24.« 0.« 2.. -.027. 4., -.324, 6.» -.022, AFTEN200 

ft 8.. -. 021. 10.. -.026, 12.. -.34, 14.» -.059, AFTEN201 

r 16. . -.08« 18., -.1, 20. . -.139, 22.» -.108, AFT£\202 

0 
f- 

24.. 
24.. 

-.103. 
.6« 2., -.027, 4.* -.324» 6.» -.022. 

AFTFN203 
AFTEN204 

F 8.. -.021, 10., -.026. 12.. -.34» 14.» -.059, AFTEN205 

G 16.. -.08, 18. , -.1« 20.. -.109, 22.» -.108. AFTEN206 

H 24.. -.103, AFTEN2Ü7 

I 24.» .8* 2., -.052« 4.. -.043, 6.» -.046. AFTEN208 

j 8.. - . 04 5 i >   10., -.048, 12.. -.064, 14.« -.087, AFTfcN209 

K 16. . -.112. ,   18., -.136, 20. . -.148, 22., -.146. AFT EN 210 

L 
«4 

24.. 
24.. 

-.14. 
.9« 2., -.056, 4.« -.353, 6., -.05. 

AFTEN211 
AFTEN212 

>j 8.. -.049, ,   10., -.054, 12.. -.377, 14., -.104. AFTfc\2l3 

ri 16. . -.135, i   18., -.165, 20.. -.179, 22., -.177. AFTEN214 

P 
DATA 

24.. 
K6IMST 

-.17 
/   3.« 1., 

1 
0. , 24.. 6., 

AFTEN215 
AFTEN216 

A 18.. 0.» 0., 0. . .1, .31, .2, .031. AFTEN211 

g .3. .00. .4, .093, .5, .128, .6, .166. AFTEN218 

r .T. .205* .8, .246, 0., 0.« 0., 0.» AFTFN219 

o 20.. .2» 0., 0.« .1, .012» .2, .037» AFTfcN220 

F .3. .069« .4, .105« .5. .146» .6, .188. AFTFN221 

c .7. .23. .8, .273« .9. .317» 0., 0.. AFTEN222 
r 

G 22.. .4. 0., 0.« .1. .316, .2, .045» AFTEN223 

H .3. .079, .4, .119, .5, .162. .6« .205, AFTtN224 
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I                     .7«          .248f     .8,          .29, .9,          .333»     1.0»        .377,          AFTEN225 
J                    22.,        .6,          0.,          0., .1,          .018,      .2,           .052,          AFTEN226 
*                     .3,           .095,      .4,          .138, .5,          .18,        .6,           .224.          AFTEN227 
L                     .7,           .266,     .8,          .309, .9,          .351,     1.0,        .394,          AFTEN228 
M                    22.,        .8,          0.,          0., .1,          .03,        .2,          .07,            AFTEN229 
N                     .3,           .112,     .4,          .153, .5,          .196,      .6,           .24,            AFrEN230 
0                     .7,           .283,     .8,          .325, .9,          .364,      1.0,        .402,          AFTEN231 
P                    22.,        1.0,        0.,          0., .1,          .048,      .2,          .098,          AFTEN232 
0 .3,           .144,     .4,          .185, .5,          .225,      .6.           .265,          AFrEN233 
»                     .7,           .305,     .8,          .345, .9,          .385,      .93,        .4          /     AFTEN234 

PI   «   3.1415927 AFTEN235 
GAMES   s   1.4 AFTEN236 
RRR   »    1716.5 AFTEN237 
G^AV   «   32.174 AFTEN238 
A3«   AE   ♦  AB AFTEN239 
DELA   «   DELAAM*AM AFTEN240 
AWF   •   AWFA,M*AM AFTEN241 
AWT   >   AWTAM*AM AFrEN242 
AP«ÄF-DELA/2. AFTEN243 
GAMAV   «   (GAM*GAMSI/2. AFTEN244 
PEPE   ■   XMnM/IGAMAV*At*ME**2» AFTEN245 
D«l   »2.*S0«TCAM/PI» AFTEN246 
DELX   «   DELXDM*0M AFTEN247 
AFTER«   =0.0 AFTEN248 

6          THEM   *   THETAM*  .017453 AFTEN249 
R*ZA«IMSA*(AMB/AM)**1.5 AFTEN250 
MST« (RMZA/AMB«(Am-2.0*(AP + ABn*IMSF/AM*(AM-AMön*AM/<AM-2.* AFT EN 251 

1 (AP+ABI) AFTEN252 
40  RMF»   XMOM          *2.0                      /J1.4»AM*M0**2» AFTEN253 

IF(<40   .GT.   1.0)  GO   TO  60 AFTEN254 
PBPE*    <0.9»0.CI67*RHF»/(0.94*0.06*(2.0*(AB*Aei/AM)l AFTEN255 
08     «   (1.0-PBPEI*P0*2.0*AB AFTEM256 
G3   Tl   62 AFTEN257 

60  TETE«   (1.0*(GAM-l,0l/2.0)/t 1.0HGAM-1.0)/2.U*ME**2» AFTEN258 
OEQ*   S0RT(2.0*AM/3. 141592) AFTEN259 
PBPE»TETE*3.5/(.5*6.*CAB»AE) AFTEN260 

1                                                                  /AM)*(0.19*1.28*RMF/(l.3*RMF)|* AFTEN261 
1             .047*« 5.C-MO)*(2.0*OELX/OEQ*(OELX/OEQ)**2) AFTEN262 

08     »   a.0-PBPE)*P0*2.0*AB AFTEN263 
62        IFMO   .LE.   1.0) GO   TO   100 AFTEN264 

X«   S3RTCM0»*2-1.0)*IMST AFTEN265 
2«   2.0*IAP*AB)/AM AFTEN266 
CAL.    XTRPCX,BK6,ZfK6lMST) AFTEN267 
IFIISO   .LE.   3) CALL   XTRPI M0,RK2 ,0. ,K2H01) AFTEN268 
IFIISO   .GE.   4) CALL   XTRP( MO,RK2,0.*K2M02) AFTEN269 
R<3»   0.0 AFTEN270 
IFHO   .GE.   2.0) GO   TO   75 AFTEM271 
XI«   0.0 AFTEN272 
X3«   LOM*SaRTI 4.0*AM/3.141592) AFTEN273 
Yl«   OEO/2.0 AFTEN274 
V3«   S0RT((AE»AB)/3.141592) AFTEN275 
Y2»   Y3*IX3-X1)«TAN(THETR) AFT EN 276 
XMl«   MO AFTEN277 
XM2»   MO AFTEN278 
XM3«   MO AFTEN279 
NM«   1 AFTEN280 
ALPHAO«   ATAN(l.O/S3RT(XM2**2-l.O)) AFTEN281 
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THFTAR«-THFTR/2.0 AFTfcN282 
65   ALPHA«   ATA>J( l,C/Sd<T(XM3**2-l.O» I AMfc"N283 

ALPHAR«   (ALPHA»ALPHA0I*0.5 AFTEN28* 
ALP=    rAN(ALPHAC»-TAN(THFTA<-ALPHAR» AFTEN285 
9ETs    IY3-YII/ALP AFTEN286 
CET=    Xl*rAN(ALPHAOI/ALP AFTEN287 
OFT»    X3*TAX(THFTAH-ALPHARl/ALP AFTEN288 
XX2«   BFT^CFT-DET AFrFN289 
VV2=    <XX2-Xl)*TAN(A! PHAOI^Vl AFTEN290 
Y^s    (YY2*Y3)/2.C AFrfN29l 
T3rT«    l.O/« l.0*0.2*XM3**2l AFTEN292 
T2TT=    l.O/( l.C»(J.2*XM2**2J AFTEN293 
HTT=    (T3TT + T2TTI/2.0 AFTEN294 
FRO»    SQRTCTRTT/T3TTI/COS(ALPHAR» AFTEN295 
F^3=    TAN(THFTAR»*T4N(ALPHAK) AFTEN296 
G^O«    YR*(FRrjf 1,0) AFTEN297 
X^4=ERQ*(F<li/GRO*<X3-XX2l*THtTR»*-XM2*SORT(T2Tr/r3rT) AFT tN 298 
IFCABS(XM*-XM3I.LF.    0. OOOl*XM3l GO   TO  70 AFTEM299 
X'<3»    XM4 AFT EN 300 
IF«Xi4.LE.    1.01   .ANÜ.   NN.EO.    1)    XM3«   l.2*MÜ AFTEN301 
IF(X^4.1E.    l.Cl   .AND.   NN.3T,    I)    GO   TO   70 AFTF>J302 
NH-   HH*l AFTE\303 
IFOJM.LF.   100»   GO   TO   bb AFTEN304 
AFTFRRs   1,0 AFTFN305 
W^ITF   (6,9960» AFTEM306 
RETJRN AFTEN307 

70   X^L=   AMAXK l,05,XM*» AFTEN308 
PLPF«    (I l,0*0,2*M0**2»/( l.0«-0.2*XML**2I »»»S.S AFTtN309 
QL=   0,7*PÖ*XML**2*PLPt AFTF^310 
IF(JPEPE-PLPE »♦PO/aL   .GE.   1.41   CALL   XTKP( THET AM,RK3 ,0. , K3T HFT » AFTEN311 

75   08T>   =   RK6/(M0**2-l.O»*O*CAM-2,O*(AP»A8»»*RI«>2- AFTENI312 
I 2.0*RK3*A0*(PEPE-PLPEI*P0 AFTEN313 

G3   T3   211 AFTEN314 
100   X=   (^0**2-l,0»/((M0**2*IMSA»**.6666567» AFTEN315 

X   =   AMAXllX,-2.» AFTEN316 
Z=   2.0*(AP*AB»/AMB AfTeN317 
IFHT.EQ.i   .AND.   OFLXOM   .GT.   0.»   GO   TO   U5 AFTEN318 
»FdT.EO.l    .AND.   ISD   ,EQ,   1»   CALL   XTRPU .RK4»Zf K^ I MS 1) AFTEN319 
IF(IT.E3.l   .AND.   ISO   .EO.   2»   CALL   XTRPCX,RK*tZ»K4IMS2» AFTEN320 
IFdT.EQ.l   .AND.   ISO   .EO.   3»   CALL   XTRPUtRK*, Z,KV I MS3> AFTEN321 
IF((T.E0.2   .AND,   ISD   ,E0.   I»   CALL   XTRPU, RK^ Z.K* IMS4» AFTEN322 
IF«IT.E3.l   .AND.   ISO   .EO.   *»»   CALL   XTRP(X,RK<>,Z,K<> IMS5» AFTeN323 
G3   T3    148 AFT EN 324 

145     CAL.    XTRPCXfRM,Z,K4IMS6l AFTEN325 
148      IFCISO   .F3.    1»CALL    XTRPI HE TAE ,RK5 ,M0t K5 THM1) AFTEN326 

IFdSO   .E3.   2»  CALL   XTRPI HE TAE t PK5 ,M0iK5 THM2 » AFTtN327 
IFHSO   ,GE.    3»  CALL    XTRP ( THE TAE ,PK5 t MO i Kä THM3 ) AFTEN328 
FIO=   PTPFS*PO*AJCI)*      SQRTI2.0*GAM**2/(GAM-l.D»*(2.0/(GAM*l.O»»*«     AFTEN329 

1              I(GAM»l.0»/(GAM-l.O»)*U.O-U.Ü/PTPFS)**((GAM-l.O»/GAM» ») AFTEN330 
R<1=    0.0 AFTEN331 
IFICT.GT.l. »GO   TO  210 AFTEN332 
IflHT    .EO.    I»   GO   T3   185 AFTFN333 
IFHT    .LE.    3»   CALL   XTRP( I.-C T tRKl ,M0,KICV» AFTEN334 
IF(XT.LE.3»G0   TO  210 AFTEN335 
IFIXT    .GE.   4»   CALL   XTRPI l,-C T tRKL .MOt KICVL3» AFTEN336 
IFHT    .GE.   4»   CALL   XTRPIl.-X T.RKSfMO ,K1CVS3> AFTEN337 
G3   n    186 AFTtN338 
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185 

19ü 
210 

?ll 

?15 

220 

225 

230 

|F(0ELX0M,EQ. C.» CALL 
IFCDFLXOM.EQ. C.I CALL 
IFIDELXDM.GT. C.I CALL 
IFCÜELXOM.GT. C.» CALL 

XTÄP(l.-CT.RKLfM0tKlCVL2l 
XT«Pll,-CT,RKS»M0fKlCVS2» 
XTRP(l.-CTfRKLfMOtKlCVLll 
XTRP(l.-CTtRKS,MOiKlCVSl» 

R< l   «   RKS   ♦   ( AT-ATMIN)*(RKL-RKSI/(ATMAX-ATMINI 
OBT>   *   RK4*( IWSA/M0I**.6666667*0*(AMB-2.3*(AP*ABI »♦RK5*Q*2.0* 

l (AF»AB»*RKl*2.0*FI0 
LiB   =   LXBOM*DM 
LL   *   LOM*OM 
FTHFTA  =    THETOM^DM 
RHO   =   PO*GRAV/(RRR*T0) 
^J   »      2.27E-8*70 **(l.5)/(r0*l98.6» 
UO   »   M0*S3*T(GAMFS*RRR*T0» 
RETHFT   =   «Hn*UC*FHETA/(GRAV*MUI 
TAW   «   T0*( 1.*.178*M0**2» 
TP   »   T0*(l.   ♦   .035*MC**2   ♦   .^S^ITAk/TO   -l. 11 
MJP   »      2.27E-e«TP   **(1.5»/( TP*198.6) 
KF   s   0 
RFTHP   *    I.E6 
FJ^C   =   REIHET   -MUP*.C^**RETHP/(AlOGLO(RETHPI-l,!)J**2/MJ 
SAVRP   »   RFTHP 
CALL    ITRATElRtTHP,FUNC,O..KT) 
IFUBSIFUNC»   .Lf.   1.6*2»   30   TO 
IF(SAVRP-RETHP   .GT.   0.)RET-«P   = 
IF1SAVRP-RETHP   .LT.   O.IRETHP   = 
IF(<T.GT.99)G0   TO   220 
IFJ<T.EO.URETHP   «   l.01*RETHP 
G3   Tl   215 
AFTERR   =   l. 
KRITE(6»9970» 
RETJRN 

«   PO*GRAV/lRRi<*TP) 
»   GRAV^MUP'f'RETHP/iRHnP^UO»    ♦   LMB 
«   LL   -   LMB 
«   AWT  -   AhF 
=•   1 
LFFF   ♦   LVAR 
»   RHOP»UC«LT/(GRAV*MUPI 

( .088*(ALOGIO(RFLP»   -  2.3686»»*T0/(ALOGIO(RELP»-l.&l**3  /TP 

225 
AMAXI(RETHP, 
AMINI (REUP, 

.8*SAVRPI 
l.2*SAVRP» 

RHOP 
'cEFF 
LVAR 
AMET 
LFLG 
LT   » 
RELP 
CF   « 
D3TF   =   CF«3*AWfcT 
IFCiO   .LT.   I, I  GO   TO  250 
IF(LFLG   .E3.   21 GO   TO  235 
LFLG   «   2 
LFFF   =   LEFF   -   LMB 
LVAR   »   LMB 
AM ET * AWF 
DBTFl « DBTF 
G3 TD 230 

235 DBTF ««DBTFl 
250 DT » OBTP ♦ 

DBTF» 
OB   ♦  D^TF 

QAWING  •   Q*AMING 
COBT?   «   OBTP/0AWIN3 
CDBTF   «   OBTF/0AWIN3 
GOß   •   DB/gAWING 
THO » TIO*PTPFS*P0*AJCO*CV - DT 
CT^rD » TMQ/( TI0*PTPFS»P0*A JCOI 
COT   «   0T/3AWING 

AFTEN339 
AFTEN 340 
AFTEN3*l 
AFTEN342 
AFTEN343 
AFTEM344 
AFTEN345 
AFTEN346 
AFTEN347 
AFTEN348 
A FTEN349 
AFT EN 350 
AFTEN351 
AFTEN352 
AFTEN353 
AFTEN354 
AFTFN355 
AFTEN356 
AFTEN357 
AFTEN358 
AFTEN359 
A FT EN 360 
AFT EN 361 
AFT EN 362 
AFTEN363 
AFTEN364 
AFT EN 365 
AFT EN 366 
AFTEN367 
AFTEN368 
AFTEN369 
AFTEN370 
AFTEN371 
AFTEN372 
AFTEN373 
AFTEN374 
AFTEN375 
AFTEN376 
AFTFN377 
AFT EN 378 
AFT EN 379 
AFT EN 380 
AFTEN381 
AFT EN 382 
AFrEM383 
AFT EN 384 
AFTEN385 
AFTEN386 
AFTFN387 
AFTEN388 
AFT EN 389 
AFT EN 390 
AFTEN391 
AFT EN 392 
AFTEN393 
AFTEN394 
AFT EN 395 
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RETJRN AFTtN396 
9960   FDR^ATC*   FXTEKNAL   EXIT  MA£H   NUMBER   ITEKATION  FAILED*» AFTEN397 
9970   FJR^AT   1*0 REYNOLDS   NUMBER   ITFRATlÜN  FAILED*» AFTEN398 

EXO AFT EN 399 

♦♦*FNO 
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• **BEGM 

SUBOUmE   EJECTR(4T 
I  *S<»,CON,CT,WSOWPl, 
2 no. xMFxm 

OIMEMSIDN X(2», XMIN 
OHCMSIHN FIG5(32I , 
E3UIVALENCe (FIGUU 
REAL MP,MEP,MS,M£ 
CDMiDN /AREA/GAMM,5A 
DATA   F1G11A   /      t»., 

fATFLOW.AEOA I ,APTOAT,ANPR,UJMVAR,QQQtGAM,GAMS 
PTSPTP,riAG,NüjeRR,FL,CTIOtXMUM,QMUOfclt        CS, 

A 
B 
C 
D 
F 
F 
G 
H 
I 
J 
< 
L 
M 
N 
1 
P 
0 
R 
S 

DATA 
A 
B 
C 
0 
t 
F 
G 
H 
I 
J 
K 
L 
M 
N 

14. 
1.3 
O.t 
14. 
1.2 
0., 
20. 
1.3 
1.5 
22. 
1.4 
1.6 
22. 
1.1 
1.5 
22. 
1.1 
1.5 
22. 

FIGUB 
1.1 
1.5 
22. 
1.1 
1.5 
22. 
1.2 
1.6 
22. 
1.3 
1.7 
22. 
1.3 
1.7 

0., 
.997, 
0., 
2., 
.997, 
0., 
4., 
.997, 
.996, 
6., 
.997, 
.996, 
8., 
.9955 
.996, 
10., 
.993, 
.992, 
12., 

.9915 

.9865 
14., 
.990, 
.981, 
16., 
.9815 
.9753 
18., 
.973, 
.968, 
20., 
.970, 
.9618 

(21,   XM 
FIGUA 

U,F131 
S,ME 
MMS.GAM 

1. , 
1.025 
1.4, 
0., 
1.025 
1.25, 
0., 
1.025 
1.33, 
1.6, 
1.025 
1.5, 
1.7, 
1.025 

, 1.2, 
1.6, 
1.025 
1.2, 
1.6, 
1.025 

AX(2) , EPSm, 
(1571 , FIGUH 
1(11) ,   (FI61LH 

F(2I 
(112)    ,   FIG11(269) 
(l),Fir.ll(158n 

N3ZE^R=0 
CTIO   «   1. 
GAMSP   «  GAHä 
PI   »    4>ATAN( 1.1 
RAO  =    .0174533 
RS   »    53.35 
RP   «   RS/RSRP 
APT   «   APT0AT*AT 
COM   «   ATFLOW/APT 
AE  »   AEOAT   «AT 
RE   »   SQRTCAE/PII 

SP,APCJAT 
0., 

,   .997, 
.997, 
0., 

,   .997, 
.996, 
0. , 

,   .997, 
.997, 
.9952, 

,   .997. 
.997, 
.9945, 

,   .997, 
.9945, 
.9965, 

,   .997, 
.991, 
.9925, 

,   .997, 

1.2, 
1.6, 
1.025, 
1.2, 
1.6, 
1.025, 
1.3, 
1.7, 
1.025, 
1.4, 
1.8, 
1.025, 
1.4, 
1.8, 

.9875, 

.9875, 

.997, 

.9835, 

.9812, 

.997, 
• 978, 
.9756, 
.997, 
.971, 
.968, 
.997, 
.966, 
.9615, 

,ASOAT 
24., 
1.1, 
1.*, 
0., 
1.1. 
1.3, 
0., 
1.1, 
1.33, 
1.63, 
1.1. 
1.56, 
1.8, 
1.06, 
1.3, 
1.8, 
1.04» 
1.3, 
1.8, 
1.032 

1.3, 
1.8, 
1.032 
1.3, 
1.8, 
1.025 
1.4« 
1.8, 
1.1, 
1.5, 
1.9, 
1.1, 
1.5, 
1.9, 

.MP.MS 
11.. 
.997, 
.997. 
0.. 
.997. 
.995, 
0., 
.997, 
.997, 
.995, 
.997, 
.997, 
.993, 
.997, 
.995, 
.996, 

, .997, 
.991, 
.9935, 

,   .997. 

.986. 

.989. 
.   .997. 

.9815. 

.982. 
,   .997. 

.976. 

.976. 

.986. 

.969. 

.9685. 

.9845. 

.963. 

.9612. 

1.2. 
1.56. 
0.. 
1.2. 
1.3. 
0.. 
1.2. 
1.4. 
0.. 
1.2. 
1.56. 
2.0. 
1.06. 
1.4. 
2.0. 
1.045, 
1.4. 
2.0. 
1.032. 

1.4. 
2.0. 
1.032. 
1.4. 
2.0. 
1.1. 
1.5. 
2.0. 
1.2. 
1.6r 
2.0. 
1.2. 
1.6. 
2.0. 

.997. 

.997, 
0., 
.997, 
.995. 
0.. 
.997. 
.9965. 
0.. 
.997, 
.997, 
.9928, 
.997, 
.9955, 
.994, 
.997, 
.9915, 
.994, 
.997/ 

.9862, 

.990, 

.997, 
• 981, 
.9835. 
.988. 
.975. 
• 977. 
• 978. 
• 968. 
• 969. 
.976. 
• 9622. 
•9612  / 

.EJECT 001 
EJECT 002 
EJECT 00 3 
EJECT 004 
EJECT 005 
EJECT 006 
EJECT007 
EJECT 008 
EJECT 009 
EJECT010 
EJECTOU 
EJECT012 
EJECTOR 
EJECT 014 
EJECT015 
EJECTOU 
EJECT 017 
EJECT018 
EJtCT019 
EJECT 020 
EJECT021 
EJECT022 
EJECT023 
EJECT024 
EJECT025 
EJECT 026 
EJECT 027 
EJECT 028 
EJECT 029 
EJECT 030 
EJECT031 
EJECT032 
EJECT033 
EJECT034 
EJECT035 
EJECT 036 
EJECT 037 
EJECT038 
EJECT 039 
EJECT 040 
EJECT 041 
EJECT 042 
EJECT 043 
EJECT 044 
EJECT 045 
EJECT 046 
EJECT 047 
EJECT048 
EJECT 049 
EJECT 050 
EJECT051 
EJECT052 
EJECT053 
EJECT 054 

♦ ♦♦CONTINUING 
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♦ m»*Gl2GMl/QMÜ 

RT   »   SORT(AT/PI) 
TMET   «  ATANURE-RTI/SQRTJFL-IRE-RTI**?!! 
THETA   ■   THET   / RAD 
IFIDUMVAR.GT.   C.OI   GO   TO  3 
PTS-»TP«   1.0 
WSOMP1«   0.0 
FF lOS«   0.0 
AE3APS«  AF/ATFLOW 
Gl2G'U*tGA**l.Cm2.0*(CAH-1.0n 
0*40  *   1. 
KTE»   0 
FJNC5   »   AF3APS-((2.*(GAM     - I.»*0MQ**2»/(5AM 
SVQ4SE  •   QMQ 
CALL    ITRATE(OMQ*   FUNC5,   0.»   KTF» 
IF   (ABS(FUNC5)   .LF.   l.E-4)   CC  TO  5 
IF   KTF.CT.   25» GO   TO  475 
IF   UTE.EQ«   II  OMO   >   1.01 
IF (SVOMUt - OMO .GT. 0.I3M0 « AMAXIIQMQ , 
IF ISVQHQE - OPO .LT. O.IOMO > AMINKOMO i 
G3   Tl   4 
P3PTT   •   II.   ♦   .5*  3MQM2   »(GAM     -l.n**(-GAM 
FSAAPS   »PaPTMAEOAPSOd.^AM     ♦0W0#*2I 
CALL    XTKPIAFOAPS.CS.THETA.F IG11I 
IF   OMOOEL   «GE.J. CS  - CS-.Ü07 
FFIO>   GAM*S0RT(2./(GAM<l.l*l2./IGAM>l.n*>*(ISAM»l.l/fGAM-l.)) 

1  *U.-(l./ANPRI»*(IGAM-l.)/GAMn ) 
FLAG   »   4. 
TID «   FFIO 
X1FXIT  =   OMO 
CT   «ICS*FSAAPS- AfOAPS/ANPRI/FFIO 
IF(»3PTT.GT.    1./AN»R)CTI0«   (FSAAPS-AEOAPS/ANPRJ/FFID 
XiDM»   (PQPTT*AtOAPS*GAM»0M3**2l ♦ANPR*ATFL()W 
G3   T3   500 

GO   TD   2 

.5«(l.fSV0MQEn 
1.2*SVQM0FI 

/«GAM     -l.H 

.GE.   1.1   GO   TO 2 

1. 
1. 

3 IF(30Q.F0.2.) 
PTS3TP»OUMVAR 
lF(A^PR*PTiPTP 
WRITE(6f 1020) 
G3   T3   «90 

2 GAM?   ■   GAM   ♦   1, 
GAM<1   =   GAM  -   1, 
GAMPS   »   GAMS   ♦ 
GAM«IS   «   GAMS   - 
11   «   0. 
AE3APS  »   AE0AT/APT3AT/C0N 
ATOAPS  *   l./APTOAT/CDN 

C***     wASriAP   SECTION 
IFO3Q.E0.1.)   CO  Tl   19 
WSIWPI'OUMVAR 
US3WP2*0UMVAR 
K3NV*0 
X( U     *   .25 
XI 21      »   .75 
XMMI 1)   ■   0. 
X^m 2)   «   0. 
XiAXl 1)  •   1. 
XMAXI2)  «   1. 
EPS! II  «   l.E-A 

EJECT055 
EJECT 056 
EJECT 057 
EJECT058 
EJECT 059 
EJECT060 
EjtCTUöI 
EJECT 062 
EJECT063 
EJECT 064 
EJECT 065 
EJECT066 
EJECT067 
EJECT068 
EJECT 069 
EJECT070 
EJFCT071 
EJECT072 
EJECT073 
EJECT074 
EJECT075 
EJECT 076 
EJECT077 
EJECT 076 
EJECT 079 
EJECTOeO 
EJECT 081 
EJECT082 
EJECT083 
EJECT084 
EJECT085 
EJECT 086 
EJECT087 
EJECT088 
EJECT 089 
EJECT 090 
EJECT091 
EJECT 092 
EJfcCT093 
EJECTÜ94 
EJECT 095 
EJECT 096 
EJECT 097 
EJECT098 
EJECT099 
EJECT 100 
EJECT 101 
EJECT 102 
EJECT 103 
EJECT 104 
EJECT 105 
EJECT 106 
EJECT 107 
EJECT 108 
EJECT 109 
EJECT 110 
EJECT 111 
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EPS(2»   ■   I.E-* EJFCTil2 
10 P3PTMXU» EJECT113 

P3PTS*X<2J EJECT114 
PTSPTP«XJn/XI2» EJECT115 
WS3W?A   =AT3APS*SQRT(2./GAMM*(GAMP/2.l**(3AMP/GAMMn-(l./P0PTP»**(ltJECT U6 

l./GA«1 l/S3»T( l.-PÜPTP**(&AMM/GAM) ) EJECT117 
Fill- EJECT 118 

1MS3W?1   -   WSOWPA*SQ^T((<P/RS*GAMS/GAM*GAMM/GAMMS*(l.-PnPIS**(ÜAMMS/   EJECT 119 
lGAMSHI*PTSPTP«P0PTS*oil./3AMSI EJECT120 

MS3WPa   ■   GAMS/GAM*PTSPTP*i;AMM/2.*(POPTP**<U.-GAM)/&AM»-l.»**(-l.£jECTl2l 
11   -   1.)   ♦P3PTS**(1./GAMS»*S0PT(2./RS«GAMS/GAMMS*   11 .-POPTS*«1 IGAMMSEJ ECT 122 
2/GA^S)n EjfeCT123 
F(2)s EJECri24 

IWS3»<'2  -   WS0WPB/(ll,-GAMMS/2.*IP0PTS**Cll.-GAMSI/GAMSJ-l.l**l-l.)   EJECT125 
1   l*l»3PTP**( l./GAM»*S0KT(2./RP*GAf«/GAMM*(l.-P0PTP**(GAMM/GAM» ) M        EJECT 126 

CALL    ITPArA(2»>,F,XMlN,XMAX,FPS,30,K0NV> EJECT127 
IFKDNV  -   21    lCtllf465 EJ ECT 128 

11 PP3PTP«PGPTP EJECT 129 
IF(X( D.LT.O. .OR. XI2I.LT.O.IGO TO 483 EJECT130 
IF(AMPR*PTSPTP .GE. 1.) GO TO *6 EJfcCT131 
W9ITEI6V1020I EJECT 132 
G3   T3   490                                                                                                                                          EJECT 133 

19 KT « 0 EJECT 134 
P3PTP»PTSPTP*.75 EJECT 135 
P3PTS   «   PDPTP/PTSPTP                                                                                                                EJECT 136 

20 P3PTS«P0PTP/PTSPTP EJECT137 
WSDW'l   SAT3APS*S0RT(2./GAMM*(GAMP/2.)**I3AMP/GAMMH-I1./P0PTPI**(1EJECT13B 

l./GAil/SO^TCl.-POPTP**(GAMM/GAMJI EJECT 139 
WS0WP1   =   WSQWP1*S0RT(RP/RS*GAMS/GAM*GAMM/GAMMS*CI.-P0PTS**<GAMMS/   EJECT140 

1GA*SM l*PTSPTP«P0PTS*»Jl./3AMS» EJECT141 
WS3i<P2   «   GAMS/GAM*PTSPTP*(iAMM/2.*(P0PTP*0((l.-GAM»/GAMI-l.l**(-l.£jECT142 

I)   -   I.»   ♦P3PTS«*(1./GAMS»»S0RT(2./RS*&AMS/GAMMS*   11 .-PüPTS** (GAMMSFJ ECT 143 
2/GA^sn» EJECT 144 

WS3W?2  «   WSOWP2/Hl.-GAMMS/2.*(P0PTS**(U.-GAMS|/GAMSI-l.»«*l-l.»   EJECT145 
1 l*l»3PTP**( l./GAMI*SQRT(2./WP*GAM/GAMM*(l.-PÜPTP**(GAMM/GAM) ) |) EJ ECT 146 

FUN<Y   «   WS3WP1  -   WSOWP? EJECT 147 
SP3PTP  ■   POPTP EJECT 148 

CALL   ITRATEIPOPTP»  FUNKY«  0.«   KT| EJ ECT 149 
IFCAttStFUMK Y»    .LT.   .001)   3U   TO  40 EJECT1S0 
IF(<T   .GT.   25»  GO  TO   485 EJECT151 
IF   (SPOPTP   -   POPTP     .GT.   0.1   POPTP  «AMAX1IP0PTP  ,   ,8*SP0PTP) EJECT 152 
IF   I SPOPTP  -   POPTP     .LT.   0.)   POPTP  »AMI M I P0PTP,.5*(SP0PTP* EJECT 153 

I  PTSPTPN EJECT154 
IFKT   .FQ.   1)   POPTP   =   1.01*   POPTP EJECT155 
G3   T3   20 EJECT 156 

40       PP3PTP   »   P3PTP EJECT157 
WS3i<Pl   «   .5*( *S0WPUWS0WP2) EJECT 158 

46 PTO'TP « PPOPTP EJECT 159 
WSW> ■ WSOWP 1 EJECT 160 
AEHA ■ AEOAPS EJECT 161 
P3PrPX » PPOPTP EJECT 162 
XX = 1. EJECT 163 
BERX « 1 EJECT 164 
G3   T3   200                                                                                                                                          EJECT 165 

47 PEOPTP » P3PTPZ EJECT166 
PFO'TS « P3PTS EJECT 167 
IF   CPEOPTP   .GE.   l./ANPR)   30   TO   80 EJECT 168 
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It  r i. EJECT 169 
IFOOO.EO.l.l GH m 48 EJECT 170 
WSDWC   «  AEOAPS*SO»T(2./GAMM*{GAMP/2.»**(GAMP/GAMM»)-Jl./(l./ANPRIEJECTl7l 

1   )*»( l./GAH)/S(iRm.-n./ANPRt**(GAHM/GAMn EJECT172 
PTS'TP« EJECT 173 

.   1WS3W>1   /   WSOWPC*SQRT(RP/RS*GAMS/GAM*GAMM/GAMMS«(l.-POPTS**(GAMMS/   EJECT 174 
I   GAISm                  «POP TS4>*I1./GAMS» EJECT 175 

IF(AMPR*PTSPTP   .GE.   1.)   GO   TO 49 EJECT176 
HRITEI6tl020l EJECT177 
GO   TD   490 EJECT 178 

48 WS3ri>X  *  AEnAPS*SQ4T(2./GAMM*(GAMP/2.l**IGAMP/GAHM)|-(l./(l*/ANPR)EJECT179 
I   )*»( l./GA^)/SCPT(l.-(l./ANPR)**IGAMM/GAMn EJ ECT 180 
P1PTS * l./ANPR/PTSPTP EJECT181 
WSD^fX  «   WSOWP>*SQRT(RP/RS*GAMS/GAM*GAMM/GAMMS*(l.-POPrS**IGAMMS/   EJ ECT 182 

1   GAiSm*PTSPTP*POPTS**Jl./GAMS» EJECT183 
IFtWSOMPX.GT.kkSOWPn   GO   TÜ  480 EJECT 184 
WSOWPl'hSOWPX EJECT 183 

49 MSW> - WSQWPl EJECT 186 
AF3A » ATOAPS EJ ECT 187 
BEIH ■ 2 EJECT 188 
PDPTPX « PDPTPZ-.l EJECT189 
G3   TD   200 EJECT 190 

50 PTJPTP » P3PTPZ EJECT191 
PTl'TS  «   P3PTS EJECT 192 

80        IF   (ZZ    .C9.    0.1  CALL   AREASI 1./PPOPTPtPTSPTP«GAM,*SOUPl I EJECT193 
IF   (Z?   .NF,   O.ICALL   AREAS(l./PT0PTP,PTSPTP,GAM,NSOWPl» EJECT194 
IF   IPEOPTP    .GT.   l./ANPR)   GÜ   TO   90 EJECri95 
CALL    AREAS!ANPR,PTSPTP,GAM,WSÜWP1I EJECT196 
AfPAi»S   «   APÜAT*AEOAT*ATOÄPS EJ ECT 197 
AESA'S  «   ASOATMEOAT*ATÜAPS EJ ECT 198 
WEP   «   MP EJECT 199 
MES  «   MS EJECT 200 
XIFXIT = APOAT*MFP ♦ ASOAT*MES EJECT201 
FF IÜ   =   GAM*SQRTI2./CAMM*(2./CAMP|**CGAKP/GAMMI*(l,-(l./ANPR»**l         EJECT202 

I 6A«I««/GAM}| ) EJECT 20 3 
FFIDS   «   WSDWPl*S0RT(2. ♦GAM*GAMS/GAMHS*RS/RP*I2./CAMP|»*(GAMP/CAMM»tJECT204 

1   •   (l.-( l./ANPR*l./PTSPTP)«*JGAMMS/GAMS»n EJECT205 
FFS   =   PE0PTP*AFPAPS*(1.*GAM*PEP**2) EJECT 206 
FFSS   ■   PF3PTS*PTSPTP*AESAPS*(1.»GAMS*MES**2I ejECT207 
TIO  «   FFIO   ♦   FFIOS EJECT208 
CS  =    .995 EJECT 209 
IF   OMODEt    .GE.2.»:S   =  CS-.007 EJECT 210 
CT   «    ICS     ♦(FF<*FFSS»-AErJAT*ATOAPS/ANPR)/(FFID*rHDS) EJECT211 
FLAG » 1. EJECT212 
XM3^   =   |PE3PTP*AEPAPS*GAM*MEP**2*   PC OPTS*PTSPTP«AESAPS*GAMS*MES««2fcJECT213 

l)*AM?R*ATFLnW EJECT214 
G3   T3   500 EJECT215 

90       PRC3P3   =   .63   ♦   .04*AL0G( WSOMPU. 011 EJECT216 
P^C>TT   »   PRCOPC/ANPR EJECT217 
NSW'   «   MS3HP1 EJECT218 
BER^   »   3 EJECT 219 
XX  >   0. EJECT220 
AE3A   »   AE3APS EJECT221 
PDPTPX  »   PPOPTP-.OOl EJECT222 
GD   TD   200 EJECT223 

92       PEU'TP   =  POPTPZ EJECT224 
PEU'TS  «   POPTS EJECT225 
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IF   (PRCPTT   .LE.  PEUPTP)  GO   TO  190 EJECr226 
IF   (PRCPTT   .LE. PP3PTP)  GO   TO 95 ej£Cr227 
MRITE   (6,1010) EJECr228 
G3   n   490 EJECT229 

95 P^C'TS « P^CPTT/PTSPTP EJECT230 
AIOAPS  ■   WSOWPl/(SaRT(RP/RS*GAMS/GAM*GAMM/GAMMS*(l.-P«CPTS** (GAMMSEJECT231 

l/GAIS »JI*PTSPTP*PR:PTS**(l./GAMSII EJECT232 
AI3APS  «   AIOAP«  ♦  Il./PRCPTT)*«II./GAMI/SQRTIl.-PRCPTT**IGAWM/GAM   CJECT233 

1   M EJECT 234 
AIOAPS  >   AIOAPS/S0RT(2./GAMM*(GAHP/2.)**(GAHP/GAMNn EJECT235 
AI3AT   ■  AI3APS/AT0APS EJECT236 
PPFCSP   »   .l*lC.**(.0332*THFTA#.72l*aO.*(AEOAT-l.M**I-.77l EJECT237 

C***     MACH   SECTION EJECT238 
ME   >    I. EJECT239 
KT « 0 EJECT240 

150     FimX   •   AEOAT     -   1./MF*( ( 2. ♦GAMM*ME**2 I/G AMP) **(GAMP/(2.*GAMM ))        EJEC1241 
SVO<(EE  *   ME EJECT242 
CALL    ITRATElMEtFUNKX.O.tKTI EJECT243 
IF   (ABS(FU^KX)   .LE.    l.E-4)   GO  TO   160 EJECT244 
IF   KT   .GT.   25)  GO   TO  475 EJECT245 
IF   (<T   .E9.   1)   ME   «   1.01 EJECT246 
IF  (SVQMEE-ME    .GT.   0.)   ME     «  AMAXKME,   .5 *( l.^SVQMEE)) EJECT247 
IF   (SVQMEE-ME    .LT.   0.)   ME      ■  AMINKME.   l.2*SVgMEE» EJECT248 
G3  T3   150 EJECT249 

160     C3.MTINUE EJECT250 
PTT>E   »   (l.^GAMM/2.*ME**2)*«(GAM/GAMM) EJECT251 
PTT'CP  «  PPFCSP^PTTPF EJECT252 
IF   (PTTPCP   .GE. ANPR)  GO   TO   ISO EJECT253 
CALL   AREAS( l./PRCPTT«PTSPTP,GAMfUSOWPl) EJECT254 
AEPAPS  ■  AP0AT4AI0APS EJECT255 
AESftPS  ■   ASOAT*AIOAPS EJECT256 
MFP   «   MP EJECT 257 
MES  •   MS EJECT258 
X^EXIT  ■   APOAT*MEP   ♦   ASOAT*MES EJECT259 
FFS  »   PRCPTT*AEPAPS*(1,*GAM0MEP**2) EJECT260 
FFSS  «  PRCPTS*PTSPTP«AESAPS*(1.*GAMS*MES**2) EJECT261 
PDA « l./ANPR«((6.^PRCPTT*ANPR)/7.)*(AE0AT*Ar0APS-AI0APS) FJECT262 
FFID   >   CAM*SQRT(2./GAMM*(2. /GAMP» ♦♦(GAMP/GAMMI *( I.-( U/ANPR)** ( GAMEJ ECT263 

IM/GA^))) EJECT 264 
FFIOS   -   WS0WP1*S0RT(2.«CAM«GAMS/GAMMS*RS/RP*(2./GAMP)**(GAMP/GAMM)EJECT265 

1*   ( l.-( l./ANPR*l./PTSPTP»**(GAMMS/GAMS)) ) EJECT266 
CALL    XTRPiAIOAT,   CS,   THETA,   FIG11) EJECT267 
IF   OMOOEL    .GE.2. ):S  « CS-,007 EJECT 268 
TID «   FFIO   ♦   FFIOS EJECT 269 
CT   »   ICS*(FFS*FFSS)-AEOAT*ATOAPS/ANPR»POA)/(FFIO»FFI[)S) EJECT270 
FLAG « 3. EJECT271 
XiQM   »   (PRCPTT*A£PAPS*GAM*MEP**2   ♦   PRCPTS*PTSPTP*AESAPS*GAMS*MES**EJECT272 

12)*A^PR*ATFL0W EJECT273 
G3   T3   500 EJECT274 

ISO     CAL.   AREAS! l./PEOPTP^PTSPTP «GAM,WS0MP1) EJECT275 
AEPAPS  ■   AP0AT*AE0AT*AT0APS EJECT276 
AESAPS  «   AS0AT*AEOAT*AT0APS EJECT277 
MEP  »   MP EJECT 278 
MES  »   MS EJECT279 
XiEXAA » APOAT*MEP ♦ ASOAT*MES EJECT280 
FFID   •   GAM*S0RT(2./GAMM*(2./GAMP)**(GAMP/GAMM)*(l.-Pt0PTP**(GAMMS   EJECT281 

l/GAIS))) EJECT 282 
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FF IDS   «  WS3WPl*SüRT(2.»GAM*GAMS/GAMMS*RS/RP*(2./GAMP)**(GAMP/GAMMIfcjeCTü83 
I»   ( l.-PE3(>TS**iGAMMS/GA»1SnJ EJECT284 
FFS  =   PF0PTP*AEPAPS*a.*GAM«^EP**2) EJfctT285 
FFSS  »   PE0PTS*PTSPrP«AESAPS*(l.fGAMS*MCS**2) EJECr286 
TIOl«   FFIO   *   FFIDS £JtCT287 
CS   «   .995 EJECT288 
IF (3*10DEL .GE . 2 . IC S'C S-.007 EJ ECT 289 
CTGE3 « (CS ♦(FFS*FFSS)-AFüAT*ArOAPS*P£OPTP)/(FFID*FF|OSI EJECr290 
X'Oll»   (PE0PTP*AEPAPS*GAM<'MEP**2*   PEOPTS*PTSPT P*AtS APS#GAMS*MEi**2EJ ECF 291 

ll*A^PR*ATFLOW EJECT 292 
P^C'TF *  PÄCOPC/PTTPCP £JECr293 
P^OTS » P<CPTT/PTSPTP EJECT294 
AIOAPS  »   WS0WPl/( S0RT(RP/RS*GAMS/6AM*GAMM/GAMMS*(l.-PRCPTS*»(GAMMSejtCT295 

I /GA1SMUPTSPTP*PUPTS**(l./GAMSII EJECT296 
AI3A»S  =  AIOAPSHl./PRCPTTI»*(l./GAM»/SORni.-PRCPTrMIGAMM/GAM||   EjeCT297 
AI3A'S  «   AI0APS/Sa< T(2./GAMM*jr,AMP/2.)«*(GAMP/GAMM»    I EJECT298 
AIDAT   «  AHAPS/ATOAPS EjECr299 
CALw   AREAS« l./PRCPTT,PrSPrPfGAM,WSOWPll EJECTiOO 
AEPAPS  »   APOAT*AlOftPS EJECT301 
AESAPS »   ASOATOAIOAPS EJ ECT 302 
MEP  »   MP EJECT 30 3 
MES  -   MS EJECT 30« 
X4EX8B  ■   AP0AT4MEP   ♦   ASOAT*MES EJECT303 
FFS   s   PRCPTT*AEPAPS*( l.*GAM»MEP**2l tjECT306 
FFSS   •  PRCPTS*PTSPTP*AESAPS*(l.*GAMS*MES**2l EJECT307 
PDA   »    l./PTTPCP*«<6.»PRCPTT*PTTPCPI/7.»*(AEnAT*ATüAPS-AI0APSI EJ ECT 308 
FFID   -   GAH*S0RT(2./GAMM*(2./GAMP)**(GAMP/GAMM)*(l.-(l./PTrPCP| EJ ECT 309 

l **(GAMM/GAM| ») EJECT 310 
FFlOS   »   WS3WP l*SQRTJ 2. ♦GAM*GAMS/GAMMS*RS/PP*(2./GAMP|«« <GAMP/GAMM »£j ECT311 

l               ♦( l.-ll./PTTPCPM./PTSPTP) ♦MGAMMS/GAMSm EJECT312 
CALL   XTRPIAIOAT,   CS,   THETA,   FIGUI EJECT313 
IF   (QMOOEL    .GE.2. ):S   ■ CS-.007 EJECT 314 
CTCUSP  =   (CS*( FFS^FFSSI-AEOAT^ATOAPS/PTTPCP^PDAIMFFIOfFFIDSI fcJECT315 
TIÜ2   »  FFIO   ♦   FFIDS EJECT316 
TIO »   TI02  -   IPTTPCP  - ANPR)*(TID2-T(0n/(PTTPCP-1./PE0PTPI EJECT317 
CT   «   CTCUSP-(PTTPCP-ANPRI*(CTCUSP-CTGE0»/<PTTPCP-1./PFI1PTP» EJECT318 
XiEXITaXMExBB-IPTTPCP-ANPR) ♦( XMF XöB-XMEXAA» / ( PTTPCP-l./PfcOPTP) EJECT 319 
FLAG » 2. EJfCT320 
X>13*<2»   (P<CPTT*AEPAPS*GAM*MEP**2   ♦  PRCPTS*PTSPTP*AESAPS*GAMS*MES**tJ ECT 321 

12»*ANPR*ATFL0*» EJ ECT 322 
X^J*   «   XM0N2   -   (PTTpCP-ANPR»*lXMCP2-XH0Mll/(PTTPCP-l./P£ÜPrp» EJECT323 
G3   T3   500 EJECT 324 

190     CALu   AREASI l./PC-UPTP,PTSPTPfGAM,WSOWPn EJECT325 
AFPA»S  »  APOAT*AEOAT*ATOAPS tJECT326 
AESA>S »   ASOAT*AFOAT*ATOAPS EJECT327 
MEP   «   MP EJECT 328 
MES  '   MS EJECT 329 
XHEXIT « APOAT^MEP ♦ AS0AT*MES EJ ECT 330 
FFIO   *  GAM*SQRT(2./GAMM*(2. /GAMPt **(GAMP/GAMMi *( 1 .-(1./ANPRi** I GAMfcJ LCT 331 

IM/GAim EJECr332 
FF IDS   *  WS3WP1*SQRT(2.*GAH*GAMS/GAMMS*RS/RP*(2./GAMP|4>«(GAMP/GAMM}EJECT333 

1  Ml.-U./ANPRM./PTSPTP|**(GAMMS/C»4MSMI EJ ECT 334 
FFS  »   PEUPrP*AFPAPS*(l,»GAM*MEP**2» EJECT335 
FFSS   «  PEUPTS*PTSPTP*AESAPS«ll.*GAMS*M£S**2l EJECT336 
CALL   XTRPIAEOAT,   CS,   THETA,   FIGll» EJECT337 
IF   (QMOOEL    .GF.2. ISS   *  CS-.007 EJECT 338 
TIO »   FFIO   ♦   FFIOS EJECT339 
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CT   «    (C5*(FFS*FFSSI-AE0AT*AT0APS/ANPR|/(FFID*FFI0S» EJECT340 
FLAG  «   4. EJECT 341 
IFtPEUPTP   .GT.   l./ANPR)  CTIO  «   (I.♦IFFS+FFSS)   - AEOAT»ATCAPS/ANPRIEJECT342 

I  /(FFID+FFIOSI EJECT343 
Ml*   '   IPEUPrP*AEPAPS*GAM*MEP**2   ♦   PEUPTS^PFSPTP^AESAPS»GAMS*MES**EJ ECT344 

l2»*ft^PR*ATFLOW EjtCT345 
SO  TD   500 EJECT346 

C***     BEaMST  SECTION EJECT347 
200    KT  =   0 EJECT348 

IF(XX.E0.0. lP0PTPX«P0PTPX/2. EJECT349 
210     PJPTS=POPTPX/PTSPTP EJ ECT 350 

SVP3PT  «   PaPTP> EJECT351 
WSWI>T   «   AF3A»SQRT(2./GAMM*C&AMP/2.l**JGAMP/GAMMn-{l./POPTPX)**a .EJECI352 

I  /GA^ l/SORTC l.-POPTPX**IGAMM/GAMH EJECT353 
WSW'T   »   WSWPT*SQRTIRP/PS*3AMS/GAf'*GAMM/GAMMS*Jl.-PÜPTS**(GAMMS/        EJECT354 

1  GAISIM*   PTSPTP*P3PTS**Il./GAMSI EJ ECT 355 
FJN<<   ■     WSWP   -  WSWPT EJECT 356 
CALL    ITRATE(POPTPXlFUNKK,  0.,  KTI EJECT357 
IF   (ABSIFUNKKI   .LT.    l.E-4»   GO  TO 240 EJECT356 
IF   (KT   ,GT.   251  GO   TO  470 EJECT 359 
IF   (SVP1PT  -   PCIPTPX   .GT.   0.»   POPTPX=AMAXH POPT PX,   ,8*SVP0PT) EJ ECT 360 

-   POPTPX   .LT.   0.)   POPTPX«AMI NIC POPT PXt   .5*lSVP0PT*Pr SPTEj ECT 361 
EJECT 362 

1»   POPTPX   =   l.0l*P0PTPX EJECT 363 
EJECT 364 
EJECT 365 

50«   92 EJECT 366 

IF (svpapr 
IP) I 
IFKT    .EO. 
GD   TD   210 
P3PTPZ  «   P3PTPX 
IF   (BER^   -   2   »   47, 

240 

470     WRITF(6, 1060) 
G3   Tl   490 

475     WRITE16,1050) 
G3   TD   490 

480    WRITE!6,1040) 
G3   TD   490 

485    WRITEU, 1030) 
490     NOZERR   »   1 

MRITE(6,9000I 
500     CDNTINUE 
1010   F3R1ATUH0,*REC0MP   PRESS 
1020  FDR-4AT(*0   SFCONOARY   FLOW 

1C* ) 
1030 F3R«m(*0 
1040 F3R'<AT(*0 
1050 F3R«<AT(*0 
1060 F3MAT(*0 
9000   FDR^AK 1H 

RETJRN 

.5T.   THROAT   PRESS*) 
TOTAL   PRESSURE   LESS THAN   FREESTREAM 

PUMPING  CHARACTERISTICS   ITERATION FAILED* 
UNCHCKEO   WSWP  GREATER   THAN CHGKEO  WSWP*) 
MACH  NUM3ER   ITERATION   FAILED*! 
EXIT PRESSURE   ITERATION FAILED   *) 
,*ERffnR   IN   EJECTOR   NOZZLE   ROUTINE*) 

EJECT 36 7 
EJECT 368 
EJECT 369 
EJECT 370 
EJECT 371 
EJECT 372 
EJECT 373 
EJECT 374 
EJECT375 
EJECT 376 
EJECT 377 

ST AT IEJECT378 
EJECT379 
EJECT 380 
EJECT 381 
EJECT 382 
EJECT 38 3 
EJECT 384 
EJECT 385 
EJECT 386 

♦**ENO 
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C 
C 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
r u 

c 
c 
c 

SJBUUTINe   Fl. TSPO IIFSC,   FSPD,   AM,   VOK.   VOM,   VOKI ,   VCMI. FLTSPOOO 
I PA*,   TAM» FLTSPOOl 

INPUT  CODfcS FLTSP002 
FLTSP003 

IFS   «    I MACH   NUMBER FLTSP004 
irs = 2 HUE   AIRSPEED,   KNOTS FL ISP005 
IFS  =   3 THUE   AIRSPEED,   MPH FLTSP006 
IFS   »   4 EQUIVALENT   AIRSPEED,  KNOTS Fl ISP007 
IFS   =   5 EQUIVALENT   AIRSPEED,   MPH FLTSP008 
IFS  »   6 CALIBRATE3   AIRSPEED,  KNOTS FLTSP009 
IFS   *    7 CALIBRATE3   AIRSPEED,   MPH FLTSPÜlO 

FLTSPOll 
FLTSP012 

NnMENCLAlUOF FLTSP013 
FLTSP014 

AH        -   MACH   NUMBER VCASKT   -  CALIBRATED AIRSPEED   |KTFLrSP015 
V3H     -   TKUF   AIRSPEED   (MPHJ                     VCASMP   -  CAU8RATE0  AIRSPEEU   IMPfLTSP0l6 
V3<     -   TRUF   AIRSPEED   1KTSI                    ALTER     -   GEQPüTENTIAL PRESSUPE FLTSPOIT 
VDHI   -   EQUIVALENT AIRSPEED   IMPHI                             AlTlTUOE   (FT) FLTSPOl« 
V3KI   -   FQUIVALFNT AIRSPEED   (KTSI FITSP019 
C3M*3N/FLTSP/   VCASKT,   VCASMP FITSP020 
C3»H3N/GCALCC/ALTO .   ALTX.   ALTER,  GEOPM FLTSP021 
DHE^SION   GAM   (72» FLTSP022 
DATA     GAM /2. 0,1.0.0.0.68. . FLTSP023 

10100.0,1 .402,0150. 0,1. 402,0200. 0,1.402,0? 50.3,1. 402,0300 .0,1.402, FLTSP024 
20350.0.1 .402,C4C0. 0,1.402,0450.0,1.401 ,0500.0,1. 401,0550 .0,1.400, FLTSP025 
30600.0«! .399,C<50. 0.1.398,0700.0.1.396,0750.3,1. 394,0800 .0,1.392, FLTSP026 
40900.0.1 .387,1(00. 0,1.381,1100.0,1.3 74,1200.0,1. 368,1300 .0,1.362, FLTSP027 
51400.0,1 .356,1*00. 0,1.350,1600.0,1.345,1700.0 ,1. 340,1000 .0,1.336, FLTSP028 
61900.0.1 .332,2000. 0,1.328,2100.0,1.325,2200.3,1. 322,2300 .0,1.319. FLTSP029 
72400.0.1 .317,2^00. 0,1.313,2 800.0,1.309,3000.0,1. 306/ FITSP030 
DIMENSION      VÜCAS1(155),   VgCAS2l60),   VEQCASI215) FI.TSP031 
F3ÜIVALFNCE      ( VE0C4 Sd». VOC ASH ,        ( VFOCAS (1561, V0CAS2» FLISP032 
0IHEVSI3N     VCASV1(155),   v:ASV2(60».   VCASE0(215I FLTSP033 
E3UIVALtNCE      (VCAS E0( ll.VCASVl) .        (VCASf Q(156>, VCASV2» FLTSP034 
DATA   VCASV1                / 4.0       ,   1.0       ,  0.0        ,30.0 ,     7.0 FLTSP035 

A   ,   8.0 ,      O.C     , 0.0     ,   0.0        ,     253.   ,   253. ,   500. ,   500. FLTSP036 
H   ,    750. .    75C.     , 2 0*0. 0 FLTSP037 
C   .   28.0 ,   50CC.   , 0.0       ,     0.0     ,  100.      .   130. ,   150. ,    149.8 FLTSP038 
0  ,   200. ,    199.6   , 250.      ,     249.2,  300.      ,   298.5 ,   353. ,   347.8 FLTSP039 
E   .   400. ,    396.8   , 450.      ,   445.6   ,  500.      .   494.2 ,   550. ,   542.4 FLTSP040 
F   ,   bOO. t   590.     , 650.      .   638.       .   700.       .   695.3 FLTSP041 
G  .   26. ,150CC.   , 0.0        ,   0.0        f   100.       .   99.8 ,   150. ,    149.2 Fl TSP042 
H .   200. ,    198.2   , 250.      ,   246.6   ,  300.      ,  294.5 ,   350. ,   341.8 FLTSP043 
I   .   400. ,    386.4   , 450.      .   434.      ,  500.       ,   479.1 ,   553. ,   524. FLTSP044 

J   .   600. .    567.      * 650.      ,   611.      , 2*0.0 FLTSP045 
K   ,   22.0 ,   25CCC., 0.0        ,      0.0      ,     100.    ,   99.4 ,   150. ,    148.2 FLTSP046 
L   .   200. ,    196.2   , 250.     ,   243.1   ,  300.      ,   288.3 ,   350. ,   333.1 FLTSP047 
M   .   400. .   376.1   . 450.      ,   418.1    ,  500.       ,   463. ,   550. ,   498. FLTSP048 
N  •   6*0.0 FLTSPÜ49 
n i i8.o ,    35CC0., 0.0        ,   0.0        •   100.       ,   99. ,   150. ,    147. FLTSPÜ50 
P  .   200. ,    193.4  • 250.      ,   237.9   ,  300.      ,   293.3 ,   350. ,   321.4 FLTSP051 
0   «   400. ,   362.     , 450.     ,   402.      ,  10*0.0 /FLTSP052 

DATA   VCASV2                / FLTSP053 

♦♦*CONTINJING 



A 16.0 
a i 200. 
C  i 400. 
0 t 12.0 
E  , 200. 

DATA   V0CAS1 
A  , 8.0       *   ( 
8  t 750.     i 
C  » 28.0    f 
0 « 199.6 , 
E , 396.8 t 
F , 590. . 
G f 26. , 
H f 198.2  f 
1 t 388.4 « 
J t 567. , 
K , 22.0 t 
L * 196.2 t 
M , 376.1 * 
N i 6*0.0 
0 t 18. , 
P t 193.4 f 
0  t 362.     t 

450C0.. 
188.8 , 
340. i 
55CCC.. 
182.6 , 

I 
0.0 * 
75C. , 
500C, f 
200. f 
400. t 
600. t 
150C0., 
20C. f 
40C. i 
60C. , 
25CC0., 
200. t 
400. t 

DATA   VQCAS2 

35CC0., 
20C.     . 
400.     t 

I 

0.0 
2 50. 
12*0.0 
0.0 

250. 
4.0 

0.0 
20*0.0 

0.0 
249.2 
445.6 
638. 
0.0 
246.6 
434. 
611. 
0.0 
243.1 
418.1 

0.0 
237.9 
402. 

0.0       tlOO. 
229.8   ,  300. 

100. 
300. 
0.0 

250. 

100. 
298.6 
494.2 
685. 
99.8 
294.6 
479.1 
2*0.0 
99.4 
288.8 
460. 

A       16.0    «   450C0.,   0.0 
8  ,    188.8  t   200.     t   229.8 
C   •   340.     »   400.     ,   12*0.0 
D *   12.0    t   55CC0.f     0.0 
E  «   182.6 «   20C.     t   220.5 

IF( AL TER.GT.O.C.ANO. ALTER 
ALTER'O.O 

9 CALL   XTRP(TAM,   GANO,   0.0, 
S3TM   «   S3*T( TAMI 
S3GA«!  «   SORTCGAMOI 
A3   »   41.427  ♦   SORK TAM»   ♦ 
S3SIG   =   SORKPAM   /   ( TAM   ♦ 
GJ   T3   (10*   20»   30.   40.   50. 

10 M   '   FSPO 
V3K  -   AM  *  AO   ♦  .592 5 

11 IFdFSC   .EQ.   4) GO   TO   13 
V3KI   ■   VGK   *   SQS1G 
IFdFSC   .E9.   31 GO   TO   14 

13 V3M «   VOX   /   0.E69 
IFdFSC   .E9.   51 GO   TO   15 

14 V3MI   >   VOKI   /   C.869 
IFdFSC   .EQ.   6   .OR.   1FSC   . 

15 CALL   XTRPCVDKIf  VCASKT«   AL 
VCAS1P  «  VCASKT  /  0.869 
G3  T3   80 

20 V3K   »   FSPO 
21 A*   ■   VOK  *   1.6878  /   AO 

G3  T3   11 
30       V3M  »   FSPO 

V3K  «   VOM  *   0.E69 
G3   T3   21 

40       V3KI   ■   FSPO 
V3K   «   VOKI   /   SOSIG 

0.0 
220.5 
1.0 
0.0 

0.0 
250. 
450. 
650. 

0.0 
250. 
450. 
650. 
0.0 
250. 
450. 

0.0 
250. 
450. 

0.0 
2 SO. 

0.0 
250. 

LT.55000.01   GO 

3AM) 

SQRTtGAMOl 
4.0793)) 
60.  70)   »  IFSC 

.  99. 
t  280.3 
•   10*0.3 

i   98.4 
f  269.1 

»  97.4 
«  257. 

99.4 
269.1 

97.4 
257. 
30.3 

253. 

130. 
300. 
500. 
700. 
133. 
300. 
500. 

133. 
333. 
500. 

130. 
300. 

100. 
300. 

100. 
333. 

TO 9 

«   150. 
»   350. 

« 150. 
» 16*0.0 
t 7.0 
f 500. 

f 149.8 
» 347.8 
» 542.4 

, 149.2 
* 341.8 
f 524. 

* 148.2 
» 333.1 
» 498. 

» 147. 
t 321.4 

«   145. 
«   304. 

145. 
304. 

141.7 

500. 

150. 
350. 
550. 

150. 
350. 
550. 

150. 
350. 
550. 

150. 
350. 

150. 
350. 

«   141.7   ,   150. 
t   16*0.0  / 

EO.   7)   GO TO  83 
TERt  VEQCAS) 

FLTSP054 
FLTSP055 
FLTSP056 
FLTSP057 

/FLTSP058 
FLTSP059 
FLTSP060 
fLTSP06l 
FLTSPU62 
FLTSP063 
FLTSP064 
FLTSP065 
FLTSP066 
FLTSP067 
FLTSP068 
FLTSP069 
FLTSP070 
FLTSP071 
FLTSP072 
FLTSP073 
FLTSP074 
FLTSP075 

/FLTSP076 
FLTSP077 
FLTSP078 
FLTSP079 
FLTSP080 
FLTSP081 
FLTSP082 
FLTSP083 
FLTSP084 
FLTSP085 
FLTSP086 
FLTSP087 
FLTSP0d8 
FLTSP089 
FLTSP090 
FLTSP091 
FLTSP092 
FLTSP093 
FLTSP094 
FLTSP095 
FLTSP096 
FLTSP097 
FLTSP098 
FLTSP099 
FLTSP100 
FLTSP101 
FLTSP102 
FLTSP103 
FLTSP104 
FLTSP105 
FLTSP106 
FLTSP107 
FLTSP108 
FLTSP109 
FLTSPUO 

♦♦•CONTINUING 98 



G3 n  21 
50        VDMf   -   FSPO 

V3K   »   VOMI   ♦.fl<9/SQSIG 
GD Tl 21 

60        VCASKT  =   FSPO 

CALL    XTRPCVCASKT,   VOKI ,   ALTER,   VCASEQI 
V3K  «   VOKI   /   SCSIG 
VCASMP   =   VCASKI   /   0.869 
G3 TO 21 

70       VCASMP  *   FSPO 
VCAS<T  «   FSPD   ♦   0.869 
CAL-    XTRP(VCASKT.   VOKI, 
VDK   »   VriKI   /   SCSIG 
G3 T3 21 

80       RfiTURN 
fMO 

***eNO 

ALTER,   VCASCQI 

FL T SP 111 
FLTSP112 
FLTSP113 
FLTSPil4 
FLTSP115 
FLISP 116 
FLFSPliT 
FLTSP118 
FLTSP119 
FLTSP120 
FLTSP121 
FLTSP122 
FLTSP123 
FLTSP124 
FLTSP125 
FLTSP126 

99 



n 
* 

• •♦BEGM 

SüBnUTTNE   ITEPAT(3tVfX,N) ITERAOOO 
X*   1.1 ITERAOOl 
0«   1.0001 ITERA002 
Wl«S3t<TlGI*ATAK(SQ^TIl.O/S*IQ**2-1.0I)l-ATAN(S0Rr (Q»«2-1.0») ITERAÜ03 
I«   0 ITERA004 

10   f=I + l ITERA005 
IF(I.  LE.   200)  GO  TO   20 ITERAOOO 
WRITE(6,9900) ITERA007 
N«2 ITERA008 
RETURN ITERA009 

20  W=   S3RT(GI*ATAN(S0^T( l.O/3*(X**2-1.0)»|-ATAN(SORT (X**2-l.O)) ITERAOIO 
IF(ABS(V-W).LT.   O.OOODRETURN ITERAUll 
XI«   3*(V~Wl)/U-MU*(X-0) ITERA012 
Q=X ITERA013 
X=   XI ITERA014 
Wl»W ITERA013 
GO   TO   10 ITERA016 

9900   F0R«4ATI*   FAILED   TO   CONVERGE   IN HERAT*)                                                                      ITERA017 
E^D ITERAOie 

♦**FND 
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••♦BfGIN 

SUBOUTINE     ITRATE(A3P»B3»33P»L0CP) ITRTEOOO 
IF(u3C)Pll00tlC2«100 ITRTE001 

100     A31*A3 ITRTEOOZ 
B31»B3? ITRTEOOa 

102     A3=A3P ITRTEOO* 
B32«B3-B3P ITPTEOO* 
IF(L3nP)104.1C<*104 ITPTE006 

104     Ot/IS1R«B32-B31 ITRTE007 
IF   (OVISOR.EO.C.I     GO TD   106                                                                                            ITRTE008 
A3P»(n32*A3l-B3l*A3l/0VISC;R ITPTE009 

106     L3ni> = L0UP*l ITPTE010 
RETJRN ITR7E011 
F^D ITPTE012 

••♦END 
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• •♦BEGIN 

c    • • • 

10 

23 

25 

26 

C   • • • 
28 

C   • • • 

SUBOUTINE   ITfUri(X»GtXMINtXMAXtNUMIT«N$IGXfNSIGF»KONVI 
F  »  G 
IFKONV   .NF.   Cl GO   TO  20 
INITIAL   ENTRY 
XAVF   »   (XMAX  ♦ 

20 

C   • • • 

c   • • • 
22 

IF(    (XMAX  -   XI 
X ■   XAVE 
G3   T3   70 
K3NV   «   I 
L30f>   »   0 
FLE»ST  »   1.E6C 
XS   >   X 
FS   »   F 
LINITS 
NUiiIT2 
XNN^J   « 
XNXX  = 
DABSF   « 

XMINI    /   2.E0 
•  (X  -   XMINI .GE.   0.F0  I   30  TO  10 

«   0 
»  NUMIT/2 
XMIN 
XMAX 

AilSIFI 
IFIOABSF   .GT.     ABSIFIEASTM   GO   TO 22 
SAVE   BEST  VALUE 
SAVX   »   X 
FLEAST  «  F 
T*Y  TO   DECREASE   INTERVAL   0»-   APPROXIMATION 
IFUIMITS   .EO.   11  30   TO  25 
IF(F«FS   .GT.   C.EOI   GO   TO  28 
LIMITS  »   1 
IFIX   .GT.  XSI   GO  T3   23 
X«4NH   > 
X<4XX   < 
Fmg^ < 
FNXX 
G3   T3 
XNN^   ' 
XHXX   • 

X 
XS 
F 
FS 

28 
XS 
X 

FW^   »   FS 
F1XX   »   F 
G3   T3   28 
IF(F*FMNN   .LT.   C.EOI   GO   TO  26 
X1NN   •   X 
F«m   «  F 
FiXX  »   FMXX/2.E0 
GO   T3   28 
XNXX  •   X 
FiXX   »   F 
FNN^   »   FMNN/2.E0 
TEST   FOR  CONVERGENT 
C  >     ABSIXMNNI 
IFIC   .EQ.   O.EOI C  >   l.EO 
IF(   (   ABSIXMXX -   XMNNI   /  C   .LT. 

I .LT.   5.E-1*1.E1**I-NSI3F|   | 
IFCL30P   .GT.   Cl GO  TO  30 
PERTURB   INITIAL GUESS 
X  «   X*   SICN(l.E-2*X,XAVe-XI 
IFIX   .EQ.  XSI   >  x  ( XAVE* XMINI/2.E0 

5.E-1*1.E1**I-NSIGXI 
.OR.   DABSF   .EQ.   3.E0 

.AND.   OABSF 
)   GO  TO   80 

ITRTIOOO 
ITRTIÜ01 
ITRTI002 
ITRTI003 
ITPTI004 
ITRTI005 
ITRTI006 
ITRTI007 
ITRTI008 
ITRTI009 
ITRTIOIO 
ITRTIOU 
ITRTI012 
ITRTI013 
ITRTI014 
ITRTI015 
ITRTI016 
ITKTI017 
ITRTI018 
ITRTI019 
ITRTI020 
ITRTI021 
ITRTI022 
ITRTI023 
ITRTI024 
ITRTI025 
ITRTI026 
ITRTI027 
ITRTI028 
ITRTI029 
ITRTI030 
ITRTI031 
ITRTI032 
1TRT,033 
ITRT1034 
ITRTIOS» 
ITRTI036 
ITRTI037 
ITRTI038 
ITRTI039 
1TRTI040 
ITRTIOtl 
ITRT1G42 
ITRTI043 
ITRTI044 
ITRTI04S 
ITRTI046 
ITRTI047 
1TRTI048 
ITRTI049 
ITRTI050 
ITRTI051 
ITRTI052 
ITRTI053 

•••CONTINUING 
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G3   TD   60 ITRTI054 
C   ...   TEST   FOR   MDNCONVERGENCE IJRJIObb 

30        IF(L3nP   .E3.   NUMIT)   GO   TD  90 ITRTI056 
C   ...   REGJLA   FALSI ITRTI0*>7 

IFCuIMITS   .NE.   I   .DR.   LOOP   .LE.    NUMIT2»   GO  TO 5J ITRTI058 
X » (FMMN*XMXX - FMXX*XMNNI/(FMNN - FMXXI irRTI059 
IF(   ABS(FMMN)    .GT.   l.El   .AND.      ABSIFMXXl    .GT.   1.E1    .AND. ITRTI060 

1 ABS(FMNN-FfXXI/AMlNl(   ABS(FMNN),   ABSIFMXXI)   .GT.   L.E2I ITPTI061 
2 X   *   (XNXX+XMNN)   /   2.E0 ITRTI062 

GD   T3   65 ITRTI063 
50        OIV  »   F-FS ITPTI064 

IFiDIV   .E3.   O.EO»   3IV -   l.EO ITRTI065 
XI « JF*XS-FS*)i»/OI V ITRTI066 
XS > X ITRTI067 
FS « F (TRTI068 
X  »   XI ITRTI069 

C   ...   TEST   FOR  OUT   OF RANGE ITRTI070 
60        IFIX   .LE.   XMNN)  X »   (XS*XMNNI/2. EO ITRTI071 

IF(X   .GE.   XMXXI   X  »   (XS*XHXXI/2.E0 ITPTI072 
C   ..,    HC^EASE   ITERATION  COUNTER ITRTI073 

65       L30(»   »  LOOP^l ITRTI074 
C   ...   RETURN ITRTI075 

70       RETURN ITRTI076 
C   ...   C3NVERGENCE ITRTI077 

80       K3NV   »   2 ITRTI078 
G3   T3   70 ITRTI079 

C   ...  N3NC0NVERGENCE ITRTI080 
90       K3NV   *   3 ITRTI081 

IFIwHITS  .EQ.   I)  50   TO   70 ITRTI082 
X  «   SAVX ITRTI083 
G  «   FLEAST IIRTIÜ84 
G3   T3   70 ITPTI085 
E^O ITPTI086 

•♦♦FNO 
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♦♦♦BFGIM 

SUBOUTINE    ITRATA(M,X,FtXMIN,XMAX,EPS,NUMir,KONVI 
DIME^SIQN  A(1S.15I,BI15,1S) fC(l$v15)t0(UlfS(14i»P(l4)t 

1 X(M)«F(M)fOSI14),XS(U) fFS(l«l ,TS(15I ,X MI N( N) ,X MAX (NJ , 
2 E>S(Ni*G(l5»15)fEn5,15l.ua»,15),R(l&,15)t 
3 0F( 141 

FJMC( Al,Bl,Cl,M)   s   AMINIHBI-All ,(Al-Cm/M 
IF   C<ONV   .GF.   1)  GO   TO 25 

C   .   INITIAL IZATION 
KPT   =    I 
L3CAL   =   0 
KJT  «   2 
O^M   =   -1.E60 
03   6   J«ltN 
ONM   «   AMAXMONN,   A3 S( ALOG 10 ( F PSI Jl) > ♦!. F-2 I 
OF(J I   «   I,El 

6 0   (J)   >   O.EO 
NS  »   N*0NN*5 
NMM   «   NUMIT/NN41 
ONV   «   1 
ST   »    l,E70 
Nl=   M*l 

7 JJJ'O 
L   »   0 

8 03   10       J-l.Nl 
10       A(J,I)   »   1.E0 

K3MPUT =   0 
K«0 
P^H   «   I.E70 
03   15   J'ltN 
os(j > * om 
0(J)   -   X(jl 
SU»   •   FUNC(X( J).XMAX(J|«XMIN(J) tKPTOfNN-N)) 
P(JI   ■   AMINK.IEO«  ABS(X( Jl »♦l.F-4,   S( Jl/(IU*KPT M * 

1 SIGN( l.EOf   DCJ»-DS( Jl) 
IF(   ABStPiJH    .GT.   PMINI   GO   TO   15 
PIH   «     ABS(P(jn 

15       C3NTINUF 
OET»UN   »   l.F-q*AMINl(l.EOtPMlN**M 

C   .   CONVF«GENCE   TEST 
25       03   35   J*1,M 

IF(   ABS(F(jn    .GT.   EPSiJI)    GO   TO  40 
35       C3NTINUF 

C   .   CONVERGENCE 
K3NV«2 
G3   T3   440 

C   .  COMPUTE   CONVERGENCE  FUNCTION 
40       T»O.EO 

03   42   J=lfN 
42       T»T*   ABSIFC J) I 

C   ,   SAVE   BEST  VALUE 
IF(T    .GE,   STI   GO  TO   46 
IF(i.    .GT.   01   L«L-l 
IFCt3CAL   .EO.   CJ  L»0 
ST   «   T 

ITKTAOOO 
ITRTA001 
ITRTA002 
ITRTA003 
ITRTA004 
ITRTA005 
nRTA006 
ITRTA007 
ITRTA008 
ITRTA009 
ITRTA010 
ITRTAOU 
ITRTA012 
ITPTA013 
ITRTAOU 
ITRTA015 
ITRTA016 
ITRTAOl? 
ITRTA018 
ITRTA019 
ITRTA020 
ITRTAÜ21 
ITRTA022 
ITRTA023 
ITRTA024 
ITRTA025 
ITRTA026 
ITRTA027 
ITRTA028 
ITRTAU29 
ITR1A030 
ITRTA031 
ITRTA032 
ITRTA033 
ITRTA034 
ITRTA035 
1TRTA036 
ITRTA037 
ITRTA038 
ITRTA03Q 
ITKTAÜ4Ü 
ITRTA041 
ITRIA042 
IIRTA043 
ITRTA044 
ITRTA045 
ITRTA046 
ITRTA047 
ITRTA048 
ITRTA049 
ITRTA050 
ITRTA051 
ITRTA052 
ITRTA053 

•♦♦CONTINUING 
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«4 

46 

47 

48 

49 

50 

03   44   J«M 
xsm - xu i 
FSUI   •   F(J) 
IFILDCAL   .EO.   1)   GH   TO  44 
SUI   >   FUNC(X(J)tXMAX( J) tXMINCJi «NN-JJJ) 
C3NTINUE 

TEST   FIR   DISCONTINUITY 
IFKUT   .EO.   41  GO  TO   49 
03   48   J=l,N 
IF(X(J)   .E).   XSIJIl   GO   TO   46 
OFJ   «    O.FO 
03   47   I   »   I,   N 
OFJ   >   AMAXKOFJ,     ftHS( (F (11-F SI I ))/IX( J)-XS( J) 1) I 
IFU3MPUT   .Ed.   0)   3F(JI   ■   AMAXKOFJ,   DM J) » 
IFIDFJ    .LE.    l.E2*0F(Jn   GO   TO  4R 
L3CAL   «    I 
KJT   «   4 
G3   T3   49 
C3NTINUE 

JJJ   C3UNTS  THE   NLMBER   OF   ITERATIONS 
JJJ   •   JJJ*1 
IF      IJJJ-M^I 50,94,94 

RFPLACF   WORST   POINT 
IFIOMPUT   .EO.   0)   GO   TO   100 
TT«   Q.EO 
01   65     J = l,Nl 

6*.65,60 

l.FO 

»  F(JI/EPS(JI 
XJI 

IF(TSIJI-TTI 
60        TT«   TSUI 

MAX?:»W=   J 
65       C3NTINUE 

AtMAXftOW,!!   * 
03      85  J*l,N 
A(MAXRüW,J+l) 

85        R(MAXKOW,JI   ■ 
TSHAXROWI«   T 
G3   T3   135 

;   .   ST-RE   8FST   VALUE 
94 03   95   JT«1,N 

FIJTI   =   FS(JTl 
95 XCJTl   «   XSCJTI 

KPT   »   KPTtl 
IFKPT   .GT.   NNN/21   LOCAL«l 
IFKPT   .GT.   NNM   GO   TO   98 
G3   T3    7 

:   ,   NONCOVVERGFNCE 
98        K3NV   »   3 

G3   T3   440 
'.   ,   BUILD MATRIX OF   POINTS 
100     K«K*l 

03   115 J»l,N 
ACK,J*l»   =   FUI/FPSIJI 

115      B(K,J)   ■   XI Jl 
TSKI»   T 
IF   (<-NI     120,120,130 

120     xm   ■   XIKUPIK) 
IFK-ll   440,44C,125 

125     XCH-1»   ■   D(K-1» 

ITRTA054 
ITRTA055 
ITRTA056 
ITRTA057 
ITRTA058 
ITRTA059 
ITRTA060 
ITRTA061 
ITRTA062 
ITRTA063 
ITPTA064 
ITPTAG65 
ITRTA066 
nRTA067 
ITRTA068 
ITRTA069 
ITRTA070 
ITRTA071 
ITRTA072 
ITRTA073 
ITRTAU74 
ITRTA075 
ITRTA076 
ITRTAÜ77 
ITRTA078 
ITPTA079 
IYRTA080 
ITRTA061 
ITRTA082 
ITRTA083 
ITPTA064 
ITRTA065 
ITRTA086 
IIRTA087 
ITRTA088 
ITRTA0e9 
ITRTA090 
ITRTA091 
ITRTA092 
ITRTA093 
ITRTA094 
ITRTA095 
ITRTAU96 
ITRTA097 
ITRTA098 
ITRTA099 
ITRTA1Ü0 
ITRTA101 
ITRTA102 
ITRTA103 
ITRTA104 
1TRTA105 
ITRTA106 
ITRTA107 
ITRTA108 
ITRTA109 
ITRTAllO 

««»CONTINUING 105 



G3   T3   440 
SOLVE  LINEAR 

130 
SYSTEM 
DJK-ll 

135 

140 

200 

210 

230 

250 

260 
270 
275 
280 

290 
300 

310 
340 

QU2*J2)**2 
3ll2f J2)**2 

350 

360 

X  U-l» 
K3HPUT  «   I 
03   140   I   ■    It Ml 
G(I,Ml)   «   AC I,Nil 
0( I.Ml)   •   l.EO 
03   140  J   «    ItN 
Q( ItJ I   ■   B( I*J) 
G   (If Jl   ■   A( IfJI 
03   210   11=1,Nl 
03   200  Jl-UNl 
Rlllf Jll   »   O.EC 
E( II, Jl»   •   O.EC 
03   210 Kl'lfN 
C( II,Kl»   >   O.EC 
03   230  J2=2,Nl 
03   230   I2>lfNl 
RU2,J2-1I   «   R(J2fJ2-ll   ♦ 
E(J2fJ2-l)   «   E(J2,J2-n   ♦ 
03   340 K3>lfNl 
03   300  J3=K3,Nl 
03   250   I3«lfNl 
R(K3f J3)   •   R(K3fJ3)   ♦  Q( I 3, K3) *0 11 3 , J3» 
E(K3f J3)   ■   E(K3fJ3)    ♦■  G( I 3, K3) *G (13 f J3I 
IF   (<3 -   J3)    260,260,260 
IF   I<3 -   II      3CCf300f270 
IF   ( l.E-l4*F(K3,K3-ll-l.El4*E(K3fK3n   275,3^3,3^3 
IF(l.K-l4*<(K3.K3-n-l.E14*P(K3,K3ll    300,   343*   340 
IF   (E(K3fK3l    .IT,   1.E-60I   30  TO  340 
IF(UK3fK3l    .LT.   l.E-60}   SO   TO  340 
EI<3fJ3l   ■   F(K3,J3I/E(K3,K3I 
R(K3fJ3l   «   R(K3,J3)/RIK3,K3) 
03   240   I4«1,N1 
0(I4fJ3)   *   0(I4*J3I   -  Q(I4»K3I*R(K3,J3) 
G(I4fJ3)   •   G(I4fJ3|   -  G(l4fK3l*FIK3,J3l 
CDNTINUF    ' 
03   340  J5«1»N 
01   310   I5«lfNl 
C(K3»J5I   •   C(K3 
C3NTINUE 
03   350   I7«2fNl 
IT   «   Nl*l-I7 
JT  x    IT   ♦   I 
03   350  J7«l*N 
03   350 K7=JTfNl 
C( IT, J7I   >   C( IT,J7I 

DETER4INE   IF   MATRIX  IS 
OET  *    l.EO 
0ET1   ■   l.EO 
03   360  JMT»lfNl 
OET   «   OET*   ABS(E(JMTfJMTII 
0ET1   *   0ET1*  ABSIRi JMTfJMTI I 

J5I   ♦  GII5,K3l*Bli5tJ5)/E(K3fK3l 

E(ITfK7l*C(K7tJ7l 
SINGULAR 

370 

IFIOETl .GT. 
03 370 J*1*N 
X1JI « XSIJ I 
FIJI   «   FSfJI 

0ETMIM**2  .AN3.   OET   .GT.   l.E-201   GO  TO  380 

ITRTAUl 
ITRTA112 
ITRTA113 
ITRTA114 
ITKTA115 
ITRTA116 
ITRTA117 
ITRTAUB 
ITRTA119 
ITRTA120 
ITRTA121 
ITRTA122 
ITRTA123 
ITRTA124 
ITRTA125 
ITRTA126 
ITRTA127 
ITRTA128 
ITPTA129 
ITRTA130 
ITRTA131 
ITRTA132 
ITRTA133 
ITRTA134 
ITRTA135 
ITRTA136 
ITRTA137 
ITRTA138 
ITRTA139 
ITRTA140 
ITRTA141 
ITRTA142 
ITRTA143 
ITRTA144 
ITRTA145 
ITRTA146 
ITRTA147 
ITRTAUB 
ITRTA149 
ITRTA150 
ITRTA151 
ITRTA152 
ITRTA153 
ITRTA154 
ITRTA155 
ITRTA156 
ITRTA157 
ITRTA158 
ITRTA159 
ITRTA16Ü 
ITRTA161 
ITRTA162 
ITRTA163 
ITRTA164 
ITRTA165 
ITRTA166 
ITRTA167 
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G3   T3   8 ITRTA168 
C   .   TEST   PREDICTIONS  FROH   MATRIX   SOLUTION   TO  KEEP WITHIN  BOJNOS ITRTA169 

380     L   >   L*l ITRTA170 
03   <V30  J«lfN ITRTA171 
XU»   =     CIl.J» ITRTA172 
IFJLDCAL   .EQ.   Cl  GO   TO   420 ITRTA173 
STE» » S(JI/KUT**(L-n ITPTA174 
IF(   ABSIXUi-XSIJi)   .r,T.   STEPI    XU)   « XS( Ji ♦  S IGN (STEPtX (J )-XS(J I IITKTA 175 
G3   T3   430 ITBTA176 

420     IFIXU)   .LE.   XflNIJI)   X( J» = XS(JI-L*S(J> ITRTA177 
IFIXIJI   .GE.   XHAXIJH   X( J) « XS1 Jl ♦L*S( Jl ITRTA178 

430     CONTINUE ITRTA179 
440     RETURN ITRTAiaO 

EMO ITRTA18I 

♦••END 
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♦♦•BE6IM 

SUBROUTINE   LSTOATI   NTAPE   I LSTOATOl 
DIHE^SHN   CAROI20I LSTDAT02 
MTEGER   CAROiENOl LSTÜAT03 
DATA   EN01/*END   */ LST0AT04 
DATA                                     MEWP/*NEWP*/ LSTDAT05 
J«NTAPE LSTDAT06 
REWHD  J LSTOAT07 

5         LIME  «0 LSTÜAT08 
WRITE   (6,1011 LSTDAT09 

101 F3IHAT   (11H1INPUT  3ATA/14H  CAPO  COLUMNS   , LSTOAT10 
1 40H123456789C12345678901234!>67890123^7890, LST0AT11 
2 40H123456789C12345678901234567890123«3S7890/1H3) LST0AT12 

10       READ   (5,106)   CARD LST0AT13 
IF   (CAROm.EO.ENDl»     GO   TO   20 LSTDAT14 
IF   (CARO( I) .FQ.NEWP      I   GO   TO  5 LST0AT15 
WRITE   U,106)   CARD LSTDAT16 
WRITE   (6,103)   CARD LST0AT17 
LINF=LINF*1 LST0AT18 
IFILINE-55)    1C,5,5 LST0AT19 

102 FORMAT   (1H1) LST0AT20 
106     FSIHAT   (20A4) LST0AT21 
103 F3RiAT   (14X,2CA4) LSTDAT22 
20       WRITEIJ,106)CAR0 LST0AT23 

WRITE(6, 103)CAR0 LST0AT24 
WRITE   (6,104) LST0AT2S 
REWIND  J LST0AT26 

104 FDR»1AT (9H0ENOOATA) LST0AT27 
RETURN LSTDAT28 
E^D LST0AT29 

***ENO 
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•♦•BfGIS 

SUBROUTINE   NOZPLG(4TtAEAT,XE»THETADfAPBfS 
I   >»OZERR   ♦TIO,tS,QM;)OEL,M0,:T|O,XMÜM»ATMIN 
REAL HOtKlDCL3fK10CS3fKlCVL3fKlCVSl 
OIMt^SnN  KICV13I71)    «   K1CVS3(93I 
DIMENSION  KIOCL3I71)   ,   KlO:S3(93) 

AMMAfPTNPPtCONfCrtFLAGt 
«ATMAXtXMEXITt 

DATA   K10CL3 
A 20.. 
B .006, 
C .02* 
0 20.* 
E .006* 
F .02* 
G 20.« 
H .02* 
1 .036* 

DATA   K10CS3   / 
A 20.* 
B .006* 
C .02* 
0 20.* 
E .006* 
F .02* 
G 20.* 
H .006* 
1 .02* 
J 20.« 
K .006* 
L .02* 

DAU   K1CVL3   / 
A 20.* 
B .012* 
C .024* 
0 20.* 
F .012* 
F .024* 
G 20.* 
H .008« 
1 .026, 

DATA  KICVS3   / 
A 20.* 
B .006* 
C .02* 
0 20.* 
E .006* 
F .02« 
G 20.« 
H .006* 
1 .02* 
J 20.. 
K .006* 
L .02* 

N02E*R*  0 
FLAG«   4.0 
cno > i. 

5.« 
0.» 
-.023* 
-.015* 
.6, 
-.023* 
-.015« 
.9, 

I.* 
0. * 
.01» 
.024 
0.* 
.01* 
.024 
0.« 

-.0285*. 024 
-.036« 
5.* 
0.* 
-.023* 
-.018* 
.6* 
-.023* 
-.018* 
.8« 

.038 
1.« 
0.* 
.008 
.024 
0. * 
.008 
.024 
0. * 

-.0495*. 008 
-.027* .024 
.9« 0.« 
-.055* .008 
-.041* .024 
5.« 1.« 
0.* 0. , 
-.0008*.016 
-.0016*.026 
.6* 0.* 
-.0008*.016 
-.0016*.026 
.9* 0.* 
-.0007«.012 
-.0053«.032 
5.« 1.* 
0.* 0.« 
-.0004*.008 
-.0021*.024 
.6« 0.* 
-.0004*. 008 
-.0021*.024 
.8* 0.* 
.0007* .008 
-.003« .024 
.9« 0.« 
.0019* .008 
-.0032*.024 

0.* 22.* 
-.017* .002 
-.02* .014 
-.019* .028 
-.017* .002 
-.02* .014 
-.019* .028 
-.0295**01* 
-.029* .028 
-.039, .04* 
0.* 22.* 
-.034, .002 
-.021, .012 
-.019, .03, 
-.034, .002 
-.021* .012 
-.019, .03, 
-.075, .002 
-.0445,.012 
-.025, .03, 
-.104, .002 
-.05, .012 
-.039, .03* 
0. * 22.* 
0. * .004 
-.001* .02* 
-.0018,.028 
0. * .004 
-.001« .02« 
-.0018..028 
0. * .004 
-.0023*.016 
-.006* .04, 
0. * 22.* 
0.* .002 
-.0006,. 012 
-.0026,.028 
0., .002 
-.0006 ,.012 
-.0026,.028 
0.* .002 
.0003« .012 
-.0041,.028 
0*, .002 
.0011* .012 
-.0045*.028 

3.* 
-.321* 
-.016* 
-.325* 
-.321* 
-.016* 
-.025« 
-.0295 
-.33* 
-.342 
4., 
-.33* 
-.319* 
-.022* 
-.33« 
-.319* 
-.022* 
-.364* 
-.037* 
-.323* 
-.08* 
-.346, 
-.337 
3.* 
-.0002 
-.3013 
-.3019 
-.0002 
-.3013 
-.3019 
.3303* 
-.3035 
-.306S 
4.* 
-.3001 
-.0011 
-.3033 
-.3001 
-.0011 
-.0033 
.3304* 
-.3008 
-.3052 
.0009* 
-.0005 
-.3057 

.004* 

.018* 

.004, 

.018, 

«.014* 
.032, 
I 

.004, 

.016, 

.004, 

.016, 

.004, 

.016* 

.004, 

.016, 
/ 

,.008, 
,.022, 
» 
,.008, 
,.022, 
* 
.006, 

,.02. 
I 

..004. 

..016, 
* 
,.004, 
,.016, 

.004, 
,.016, 
* 
.004* 

».016, 
/ 

-.022, 
-.014, 

-.022, 
-.014, 

-.029, 
-.0 33, 

-.026, 
-.018, 

-.026, 
-.018, 

-.056, 
-.031, 

-.064, 
-.043, 

-.0005, 
-.0015, 

-.0005, 
-.0015* 

.0002, 
-.0044« 

-.0002« 
-.0016« 

-.0002« 
-.0016« 

.0006* 
-.0019* 

.0015, 
-.0019* 

NOZPLOOO 
N0ZPL001 
N0ZPL002 
NOZPL003 
N0ZPL004 
N0ZPL005 
N0ZPL006 
N0ZPL007 
N0ZPL008 
NOZPL009 
NOZPLOIO 
N0ZPL011 
N0ZPL012 
N0ZPL013 
N0ZPL014 
N0ZPL015 
NÜZPL016 
N0ZPL017 
NOZPLOIS 
NQZPL019 
NOZPL020 
N0ZPL021 
N0ZPL022 
NOZPL023 
N0ZPL024 
N0ZPL025 
N0ZPL026 
NOZPL027 
N0ZPL028 
NaZPL029 
N0ZPL030 
NUZPL031 
NnZPL032 
N0ZPL033 
N0ZPL034 
N0ZPL035 
N0ZPL036 
N0ZPL037 
NUZPL038 
N0ZP1039 
NOZPL040 
N0ZPL041 
NnZPL042 
N0ZPL043 
NOZPL044 
NOZPL045 
NQZPL046 
N0ZPL04 7 
N0ZPL048 
N0ZPL049 
NOZPL050 
NOZPL051 
NOZPL052 
N0ZPL053 
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GAMB3>   (GAHMA»1.0)/(GAMMA-1.0I N0ZPL054 
GAMdA«   l.O/CAMBO NCUPLOSS 
GAM I   *   GAMMA-1.0 N0ZPL056 
GAPl   »   GAMMA«-1.0 N0ZPL057 
P«C<1T  •   (GAP1/2.)**{GAMMA/GAMU NOZPL058 
IFCPTNPP   .GT.   PPCRITIGU   TO   10 NnZPL059 
NOZERR«   1 N0ZPL060 
MRITE(6t9915) N0ZPL061 
G3   T3   90 M0ZPL062 

10       THETAP-   THE TAO*0.0174533 N0ZPL06 3 
RC0S1«  COSI THETAP) N0ZPL064 
RCilS2»  COSI THETAP»**2 N0ZPL065 
RE=   SQRT(APB/3.1415921 N0ZPL066 
Rl«   RE*  TAN! TMETAP)*XE N0ZPL067 
AE»   AEAT*AT N0ZPL068 
RSBU1*RC0S1*( 1.0-3tCnS2USQRTlRl**2*RCOS2*AE/3.UlS92 N0ZPL069 

1         ♦RCJSIM 2.C-RCnS2m/(RCOSl*(2.0-RCOS2)) N0ZPL070 
RT«   RS-PC0S2*(RS-R1) . N0ZPL071 
XT«   (Rl-RT»/SIN(THETAP» N0ZPL072 
S»   (RS-RT)/RCQS1 M0ZPL073 
CS«   RCOSl N0ZPL074 
IFCJMOOEL   ,GE.   2. »C S»C S-.007 NOZPL075 
THETAR«-THETAP ^0ZPL076 
A*F«    1.0001 NOZPL077 
AEAS<«   1.0 N0ZPL078 
IFIAEAT   .E3.1.C)   GO   TO   50 N0ZPL079 
ABE«   0.9 NOZPL080 
AME«    1.0 N0ZPL081 
IC3UNT«  0 N0ZPL082 
AEA?«   AEAT/CON N0ZPL083 

20   ICOUMT«{COUNT* 1 NOZPL084 
IFdCOUNT.LE.   2001   GO   TO  30 NOZPL085 
WRITE (6, 99001 N0ZPLU86 
NOZE^R«   1 MOZPL087 
RETURN N0ZPL088 

30   AEASK«1.0SAME*((2.0/GAPl*(1.0*GAHl/2.O*AME**2n**(GAPl/(2.*GAMl)nN0ZPL089 
IF(ABS(AEAP-AEASKI.LT.   0.001)   SO   TO 50 N0ZPL090 
IFIAEAP-AEASK)   35f35,40 NOZPL091 

35  AIE«   ABE*(AEAP-ASSEl/(AFASK-ASSE»*(AME-AßE» N0ZPL092 
03   TO   20 N0ZPL093 

40  ASSE«   AFASK N0ZPL094 
ABE«   AME NOZPL095 
AME«   AME*0. 1 N0ZPL096 
GO   T3   20 N0ZPL097 

50  PEPTM«   ( 1.0+GAM1/2. 0*AME**2)**C-CAMMA/GAM1I NOZPL098 
FSAA«   PEPTN*AEASK*I 1.0*GAMMA*AMF**2) M0ZPL099 
PTPINV«   1.0/PTNPP N0ZPL100 
Xi3H   •  PEPTN*AEASK*GAMMA*AME**2*PTPlNV*Ar*C0N N0ZPL101 
X^EXIT »  AME N0ZPL102 
FIPTA«  GAMMA*S0RT(2.0/GAM1«(2.0/GAP1)**GAHB0*(1.3-PTPINV  *• NOZPL 103 

I   (GAM1/GAMMAI I» NOZPL 104 
TID  »   FIPTA NOZPL 105 
GTE«   (CS*FSAA-PTPIMV*AEASK)/FIPTA NOZPL 106 
IFIAEASK.EO.    1.0}   CTE« CTE*   PTPI NV*I 1. 0/CON-l .01 / FI PTA N0ZPL107 
IFMO   .LT.   1.IG0   T3   95 NOZPL 108 
A-Rl NOZPL 109 
B»   -TANI THETAP» NOZPL 110 
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VE'SSRriCAMBOMATANK SO« T(l. O/GAMBO*! AME**2-l.O III-AT ANCSQRT ( 
I AME«*2-l.Cn 

AiEXP»   SQRr(2.C/GAMl*(PTNPP«>0(GAMl/6AMMAI-1.0n 
A1VEXP-   Sa^TlGAMBO) ♦ATANJSORT(GAMBA*(AMEXP«*2-l.3 I 1)-AFANtSgKT< 

I AMEXP**2-l.0ll 
AJEXP=   ATAV( I .C/SO^ T( AMEXP**2-l. 01) 
THEXP«   THETAR^AMVEXP-VE-AUEXP 
THMAX-  ATAN(f RE-RS)/XE) 
IFITHEXP   .LE.    THMAX»  GÜ   TO  60 
THEXP»   THMAX 
RMAX=   SQRT(GAM80*TAN{SQ«T(l.O/SAMB()»»JTHeXP-THErAR^VE*l.570796n« 

12  »1.0) 
A<1VEXP«   SöaTIGAMBa»*ATAN(SURT(l.0/GAMH0*IRMAX**2-l.0lll- 

1  AT4MlSQRT(RMA)i**2-l.0| I 
60  BB«   TAN( THEXP I 

AA=   \S 
XI'-(A-AA)/(B>aBI 
RI>   A*B*XI 
P1PTN«   PEPTN 
RSI«   RT 
NUM»«AMVEXP-VE )/.0174533 
IFCMUM   .LT.    5)   NUM*5 
RUM»   NUM 
CTO«   0.0 
PSPTN«   0.0 
03  80  J=l,NUM 
Q-   J 
VL«   VEf Q/RUM   «lAMVEXP-VEl 
CALL    ITFRAT(GAMHOfVLtAMLtNOZERR) 
IFiMOZERR.EO.GIGO   TO  65 
WRITE (6, 99051 
G3  T3   90 

65       AUL»   ATANCl.O/SQRTI AML**2-1.0II 
THETL«   THETAR*VL-VE-AUL 
BB»   TANITHETL» 
AA»   US 
XL»-(A-AA)/(B-BBI 
RL»  A*B«XL 
VC»   2.0*VL 
CALL   ITERAT(GAMBn,VCtXMC«NOZERRI 
IFOI3ZERR.EQ.0IG0   TO   70 
WRirE(6,9905) 
G3   T3   90 

70       PCPTM"   ( l.0*GAPl/2.O*XMC**2l    **l-GAMMA/GAMl I 
CTO»   CTDn.0/FIPTAM0.5*CPlPTN»PCPTN)-PTPINVI*(RSl**2-RL«'«2l 

1     *3.141592/(CDN*ATJ 
RSI»   RL 
PIPTM»  PCPTN 
IF(XL.EQ.   XEI   PSPTN»   PCPTN 

80  C3NTINUE 
PBPTN«   ♦.312/PTNPP**1.975 
PBPTN»   0.517*PSPTN«   0.0046 
PB2PTN»PTPINV 
IFCBPTN.GT.   PB2PTNI   PBPTN«   PB2PTN 
IFCBIPTN.GT.   PBPTNI   PBPTN»   PBIPTN 
CTBD»   CPBPTN-P1PINVI»APB/(CDN»AT*FIPTAI 
IF  IPEPTN   .GT.   PTPINV)   CTID  «   (F SAA-PTPI NV*AEASKI/F I PT A*CT 0*CT80 

N0ZPL111 
N0ZPL112 
NÜZPL113 
N0ZPL114 
.40ZPL 115 
NOZPL 116 
NÜZPL117 
NOZPL 118 
NOZPL 119 
NOZPL 120 

«NOZPL 121 
NOZPL 122 
NOZPL 123 
NOZPL 124 
NOZPL 125 
NOZPL 126 
NOZPL 127 
NOZPL 128 
NOZPL 129 
NOZPL 130 
NOZPL 131 
NOZPL 132 
NOZPL 133 
NOZPL 134 
NOZPL 135 
NOZPL 136 
NOZPL 137 
NOZPL 138 
NOZPL139 
NOZPL 140 
NOZPL 141 
NOZPL 142 
NOZPL 143 
NOZPL144 
NOZPL 145 
NOZPL 146 
NOZPL 147 
NOZPL 148 
NOZPL 149 
NOZPL 150 
NOZPL 151 
NOZPL 152 
NOZPL153 
NOZPL 154 
NOZPL 155 
NOZPL 156 
NOZPL 157 
NOZPL 158 
NOZPL 159 
NOZPL 160 
NOZPL161 
NOZPL 162 
NOZPL 163 
NOZPL 164 
NOZPL 165 
NOZPL 166 
NOZPL167 
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CT«   CTE»CTO*CTBO NOZPL168 
90       RETURN NOZPL 169 
95       CALL   XTRP(l.-C1IOfOELDLfMO,KlCVL3l NOZPL 170 

CALL   XTRPf l.-CT[OtOELOS«M0fKlCVS3) NOZPL 171 
CALL   XTRP(l.-C1IOfOFLCLtM0,K10CL3J NOZPL 172 
CALL   XTRP(1.-CTI0.0ELCS,M0«KIDCS3» NOZPL 173 
OELO  *  OELDS>(AT-ATHIN)*(DFL0L-DELUSi/(ATHAX-ATMINI NOZPL 174 
OELC  »  DELCS*(AT-ATMINI*(OELCL-0£LCSI/UTMAX-ATM|NI NOZPL 175 
CT  *   DELD  ♦  OELC   ♦   CTIO NOZPL 176 
G3  TO   90 NOZPL 177 

9900    F3RMAT(*  NOZZLE   EXIT  NACH   NUMBER  ITERATION FAILED*) NOZPL 178 
9905  F3R1ATI*   NOZPLG—MACH   ITERATION  FAILED  AT   LOCAL   EXPANSION  ANGLE*!  NOZPL 179 
9915   FDR^ATl*  N3ZPLG—PLUG  NOZZLE   MUST  BE  CHOKED»! NOZPL 180 

EHD NOZPL 181 

***ENO 
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•♦BEGIH 

SUHOUTINE  t ̂ OZZLEIAT, ATFLOW, AEAT,GAMMA,PTTPFS,QMU0EL,NT, FL.CON, CI ,N0ZZL000 
1   FL&GtNOZE^R    »TIO,:S, XMOM.CTIO.AtXMFXITI NOZZL001 

OIMEMSION  FIGB1A(157) ,   FIGBIB(40)   , FIGB1(197) NOZZL002 
DIMENSION FIG11A(157)   . FIGUBlim    , FIG11(269) NOZZL003 
F3UIVÄLFNCE (FIGllAUItFIGlKin *   (F IC1 IB (ll.FIGl 1(1581) , NO 2 ZL 004 

1   (FIGBUIll .FIGBKIH ,   (FISBlB(l),FIG81(15an N0ZZL005 
0AT4 FIG11A /     5., 1., 0., 24., U., N0ZZL006 

A 14. ,        U.. 1.025, .997, 1.1, .997, 1.2, .997* NÜZZL007 
B 1.3 .         .997, 1.4, .997, 1.5, .997, 1.56, .997, N0ZZL008 
C 0., O.f 0., 0., 0., 0., 0., 0., NOZZL009 
D 14. i        2., 1.025, .997, l.l. .997, 1.2, .997, NOZZLOIO 
F 1.2 .         .997, 1.25, .996, 1.3, .995, 1.3, .995, NOZZLOll 
F 0.« 0., 0., 0., 0., 0., 0., 0., NOZZL012 
G 20. »         4., 1.025, .997, 1.1, .997, 1.2, .997, N0ZZL013 
H 1.3 ,        .997, 1.33, .997, 1.33, .997, 1.4. .9965, N0ZZL014 
I 1.5 ,         .996, 1.6, .9952, 1.63, .995, 0., 0., NOZZL015 
J 22. .         6., 1.025 , .997, 1.1, .997, 1.2, .997, N0ZZL016 
K 1.4 .997, 1.5, .997, 1.56, .997, 1.56, .997, NOZZL017 
L 1.6 t         .996, 1.7, .9945, 1.8, .993, 2.0, .9928, N0ZZL018 
M 22. ,         8., 1.025, .997, 1.06, .997, 1.06, .997, N0ZZL019 
N 1.1 ,         .9955, 1.2, .9945, 1.3, .995, 1.4, .9955, NO2ZL020 
n 1.5 ,         .996, 1.6, .9965, 1.3, .996, 2.0, .994, NOZZL021 
p 22. .         10., 1.025, .997, 1.045, .997, 1.045, .997, NOZZL022 
0 1.1 ,         .993, 1.2, .991, 1.3, .991, 1.4, .9915, NOZZL023 
R 1.5 .992, 1.6, .9925, 1.8, .9915, 2.0, .994, N0ZZL024 
S 22. ,         12., 1.025, .997, 1.032, .997, 1.032, .997/ NOZZL025 

DATA FIGUR / N0ZZL026 
A 1.1 .9915, 1.2, .9875, 1.3, .986, 1.4, .9862, N0ZZL027 
B 1.5 ,         .9865, 1.6, .9875, 1.8, .989, 2.0, .990, NOZZL028 
C 22. 14., 1.025, .997, 1.032, .997, 1.032, .997, N0ZZL029 
D 1.1 ,         .990, 1.2, .9835, 1.3, .9815, 1.4, .981, N0ZZL030 
E 1.5 ,         .981, 1.6, .9812, 1.8, .982, 2.0, .9835, NOZZL031 
F 22. >         16.« 1.025, .997, 1.025, .997, 1.1, .988, N0ZZL032 
G 1.2 .         .9815, 1.3, .978, l.V, .976, 1.5, .975, N0ZZL033 
H 1.6 »         .9753, 1.7, .9756, 1.8* .976, 2.0, .977, NOZZL034 
I 22., ,         18., 1.025, .997, 1.1, .986, 1.2, .978, NOZZL035 
J 1.3 ,        .973, 1.4, .971, 1.5, .969, 1.6, .968, NO 2ZL036 
K 1.7 (         .968, 1.8, .968, 1.9. .9685, 2.0, .969, NOZZ1 037 
L 22. r        20., 1.025, .997, 1.1, .9845, 1.2, .976, NOZZL038 
M 1.3, .        .970, 1.4, .966, 1.5, .963, 1.6, .9622, N0ZZL039 
N 1.7, *         .9618, 1.8, .9615, 1.9. .9612, 2.0, .9612  / NÜZZL040 

DATA FIGB1A /      4., l.t 0., 2^., 8., N0ZZL041 
A 22., .        O.t 1.0, 0., 1.05, .301, l.l. .002* NO 7.ZL 042 
B 1.2, .        .004, 1.3, .008, 1.4, .011, 1.6, .019, N0ZZL043 
C 1.8, .026, 2.2, .04, 3.0, .062, 3.8, .076, N0ZZL044 
D 22., 3., 1.0, 0., 1.05, .301, l.l. .002, N0ZZL045 
E 1.2, •        .004, 1.3, .008, 1.4, .311, 1.6, .019, N0ZZL046 
F 1.8, .026, 2.2. • 04, 3.0, .062, 3.8, .076, N0ZZL047 
G 22., 5., 1.0, 0., 1.05. .302, 1.1, .004, N0ZZL048 
H 1.2, .007, 1.3, .011, 1.4, .315, 1.6, .026, N0ZZL049 
I 1.8. .037, 2.2, .057t 3.0, .09* 3.8, .11, NOZZL050 
J 22., 7.5, 1.0, 0.« 1.05* .0025, l.l. .005, NOZZL051 
K 1.2. .01, 1.3, .016, 1.4, .324, 1.6, .041, NOZZL052 
L 1.8. .057, 2.2, .086, 3.0, .136, 3.8, .164, NOZZL053 
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42 

75 

N                    22.t        lO.t        1.0»        0.»          1.05» .304» 1.1» .0075» NÜZZL054 
N                   1.2»        .012»     1.3»        .022»     1.4» .032» 1.6» .053» N0ZZL055 
0                  1.8»        .074»     2.2»        .113»    3.0» .18» 3.8» .216» NOZZL056 
P                   22.»        15.»        1.0»       0.»         1.05» .J06» 1.1» .012» N0ZZL057 
0                   1.2»        .025,     1.3»       .04»       1.4» .058» 1.6» .094» N0ZZL058 
ft                   1.8»        .130»     2.2»        .202»    3.0» .315» 3.3» .38» N0ZZL059 
S                  22.»        20.»        1.0»       0.»         1.05» .308» 1.1» .014/ N0ZZL060 

DATA   FI6B1B   / NQZZL061 
A                    1.2»        .028»      1.3»        .048»     1.4» .37» 1.6, .124» N0ZZL062 
B                   1.8»        .18»        2.2«        .268»     3.0* .375» 3.25» .40» N0ZZL063 
C                   22.»        90.»         1.0»        0.»          1.05» .009» 1.1» .017» N0ZZL064 
0                   1.2»        .034»      1.3»        .057»     1.4» .082» 1.5» .111» NOZZL065 
E                    1.6»        .14»        1.8»        .195»     2.2» .332» 2.77» .40       / N0ZZL066 

RAO »   .0174533 N0ZZL067 
G12GMI  *   IGAMM*n/(2.*(GAMMA~l.n N0ZZLU68 
PI   «   3.1415927 N0ZZL069 
G^AV  «   32.174 N0ZZL070 
ft*R  *   1716.5 N0ZZL071 
FLG220 «   0. N0ZZL072 
NOZERR  •   0 N0ZZL073 
LOOP   «   0 N0ZZL074 
CTIO»   1.0 N0ZZL075 
O^T   «   I. N0ZZL076 
ATFLAT  «  CON N0ZZL077 
PTPFS  »  PTTPFS N0ZZL078 
PFSPTT  »   I./PTPFS N0ZZL079 
FLAGAT»0. N0ZZL080 
IF(PTPFS   .LT.    ((GAMMA»l.)/2.l*«(GAMMA/(CAMMA-l.n)    FLAGATM. N0ZZL081 
FLAGMT«0. NQZZL082 
OTT«.l NOZZL083 
FPTATS  •   GAMMA*SQRTI C2./(34MMA-1.[ J*(2./(GAMMA*l. 11**12, ,*G12GM1I N0ZZL084 

1 *(l.-PFSPTT«*C(GAHMA-l.l/3AMMAn) N0ZZL085 
AE  *   AEAT'AT N0ZZL086 
IF(^T     .EO.   1)  GO   TO   75 NÜZZL08 7 
RT   «   SQRT(AT/PI) N0ZZL088 
RE   »   SQRTCAE/PI» NÜZZL089 
THET  «  ATAN(IRE-RT)/SQRTI   F L-(RE-RT| »^   )l N0ZZLÜ90 
THETA   »   THET/RAO N0ZZL091 
GO   TO   80 N0ZZL092 
FSAATS  »   PEPTT*AEATS*(l.»GAMMA#QME*«2l N0ZZL09 3 
CAL.   XTRPIAEATS»  CS»   THETA»   FIG1U NQZZL094 
IFO^OOEL   .EO.  2.)CS  ■  CS-.007 N0ZZL095 
X^FXIT »  QME M0ZZL096 
X^QI   -  PEPTT*AEATS*GAMMA*QMe**2*PTTPFS*ATFL0W NÜZZL097 
IF   (»Ef TT   .GT.  PFSPTT»   CTIO   «   IF SAATS-PFSPTT*AEATS l/FPT ATS N0ZZL098 
TIO «   FPTATS N0ZZL099 
CT   «(CS*FSAATS- PFSP TT*AEATSJ/FPTATS NOZZL100 
FLAG« 4. N0ZZL101 
G3   TD   500 N0ZZL102 
IFIFLAGAT   .EQ.   11  30   TO  162 N0ZZL103 
C3NVERGENT  NOZZLE  —   CHOKED N0ZZL104 
CS  *   .997 N0ZZL105 
|FI3«»0DEL   .EO.  2.ISS « CS-.007 N0ZZL106 
ATFATS  »   1. N0ZZL107 
AEATS  «   1./ATFLAT N0ZZL108 
PEPTT  •  ((GAMMA*l.)/2.)*«(-GAMMA/(GAMMA-l. 11 NÜZZL109 
P4AX     «   (IGAMMA*1.»/2.I**(   GAMHA/I6AMMA-1. 1) N0ZZL110 

♦••CONTINUING 
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PEPFS   «  PEPTTOPTTPFS NOZZLUl 
FSAAS  •  ATFATS*PEPTT*Cl.*G*MMA» NOZZL112 
PVA^B  « PEPTT NOZZi. 113 
FLAG*^. NOZZLUL 
IF   IPTTPFS   .GE. A)   GÜ   TO   77 NOZZL115 
FLAG  ■   5. NOZZL 116 
P^A*B   =  PFSPTT  ♦   IF»EPTT-PFSPTT|*(PTrPFS-PMAX)/(A-PMAX) NOZZL 117 

77       X*0*   »  GAMMA*PTPFS*PVARB*AE NOZZL 118 
TID «   FPTATS NOZZL 11«* 
X^EXII  ■   1. NOZZL 120 
CT   »      (CSMFSAAS*PVAR8*(AEATS-ATFATSJ   -  PFSPTT*AE ATS H/FPTATS NOZZI. 121 
IFiPTTPFS  .GT.  PVA4B)CTI0  »   (FSAAS ♦  PVARB*l AEATS-ATFATSI   -  PFSPTTNOZZL 122 

1  •   AEATS)/FPTA1S NOZZL 123 
GD   n   500 NOZZL 124 

80        CALL   XTRPIAEAT   «   OPTQT.   THE TA •   FICBl) NOZZL 125 
Q^T  ■    1. NOZZL 126 

90        IF(L30P   .GT.   5CIG0   TO  480 NOZZL127 
L30l>   «  LOOP   ♦   1 NOZZL 128 
PTT3T   =     2.*C l.*.5*(GAMMA-l. »♦QMT**2»*«(SAMMA/JGAMMA-l. )>/(GAMMA*   NOZZL 129 

1  3MT**2) NOZZL 130 
PTE3T   »  PTTQT   - OPTOT NOZZL 131 
PTF?TT  »  PTE0T/PTT3T NOZZL 132 
OHCALC   -   GRAV*SORT(GAMMA/RRR| *QMT*( 1 .».5* (GAMMA-1 . I *QMT **2 )** (-G12N0ZZL 133 

IGMU NOZZL 134 
OMFXIT  *   S0RT(2.*(PFSPTT**( (l.-GAMMAI/üAMMA)-l.l/(GAMMA-l.n NOZZL 135 
IFIFLAGAT.EO.O.IONEXIT'l. NOZZL 136 
OHIO   »   GRAV*SORTIGAMMA/RRR|*QMEXIT*(1.«-.5*(GAMMA-1.I*QMEXIT**2I**(NOZZL137 

1-G12GMI) NOZZL 138 
CON     >  QMCALC/OMIO*ATFLAT NOZZL 139 
ATS4T   ■ NOZZL 140 

L ATFLAT*0MT*((2.*(GAMMA-l.l*0MT  **2I / (GAMHA«-1. ) i ««(-G12GM1I NOZZL 141 
AESAT   «   ATSAT/PTEPTT NOZZL 142 
AESAE  «  AESAT/AEAT NOZZL 143 
AEAES   «   1./AESAE NOZZL 144 
IF   (AEAES  .LT.   1.1   GO   TO  485 NOZZL 145 

110     04EE   *   .5 NOZZL146 
KT   »   0 NOZZL 147 

120     FJNC2  «   AEAES-   112. + (GAMMA-1. I «dMEE^I/(GAHMA+l. )) **G12GM1/QMEE     NOZZL 148 
SyQ<4FE  «  OMEE NOZZL 149 
CALL    (TRATE(OMEE«   FUNC2,   0. t   KTI NOZZL 15Ü 
IF   (ABSIFUNC2)   .LE.    1.E-4I   GO  TO  140 NOZZL 151 
IF   (KT   .GT.   251 GO   TO  475 NOZZL 152 
IF   (<T   .EO.   1)  OMEE   «   .51 NOZZL 153 
IF   (SVOMEE  -   OMEE   .GT.   O.IOMEE   *  AMAXKQMEE»   .8*SVQMEE) NOZZL 154 
IF   (SVQMEE   -   QMEE   .LT.   O.IOMEE   *  AMINKQMEE*   .5*(SV0MEE» 1. I i NOZZL 155 
G3   T3   120 NOZZL 156 

140     PEPTE   «   (l.*.5*(GAMMA-l.|*QMEE<'*2»**(-GAMMA/(GAMMA-l.n NOZZL 157 
PEPTT  «  PEPTE   ♦ PTEPTT NOZZL 158 
PTTPE   «   1./PEPTT NOZZL 159 
IF   (ABSIPTPFS  -PTTPE)   .LE.   5.E-3)  GO  TO  161 NOZZL 160 
IF   (PTTPFS   .GE. PTTPE»   CO  TO  150 NOZZL 161 
IFiFLAGMT.NE.l.)  GO   TO   145 NOZZL 162 
0*T>0MT/2« NOZZL 163 
FLAG«IT«0. NOZZL 164 

145     0«IT  «   QMT-OMT NOZZL 165 
GD   T3   90 NOZZL 166 

150     IF   OMT   .GE.   1.1  GO   TO   163 NOZZL 167 

•»•CONTINUING 
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IFCFLAGMT.NF.O.)  GJ   Tu   153 HUllLibB 
OMT«DMT/2. N0ZZL169 
FLAG1T«1. N0ZZL170 

155     OUT   *   QMT+ÜMT NOZ2L171 
G3   T3   90 NOZZL172 

161 CS - .995 N0ZZL173 
IFC3»100EL .EO. 2.l:S = CS-.007 NOZZL 174 
AEATS * AEAT/ATSAT N0ZZL175 
0»1XX=S0»T(2./(GAMMA-l.»*J(l./PEPTFI**((GAMMA-l.l/GAMMA»-l.n NOZZL 176 
FSAAS =PEPTT*AEATS ♦(l.*GAMMA«QMXX**2l NOZZL177 
XHOM = P£PTT*AEATS*GAMMA*0MXX**2»PTTPFS*ATFL0W NOZZL 178 
TIO » FPTATS NOZZL 179 
XMEXIT « QMXX NOZZL 180 
CT =ICS*FSAAS - PEPTT*AEATS)/FPTATS N0ZZL181 
FLAG=1. NOZZL 182 
GD   TD   500 NOZZL183 

162 CS = .997 NOZZL184 
IFOHODEl .EO. 2.»:S » CS-.007 NnZZLl85 
Q^T ■ S0RT(2.*IPFSPTT**((1.-GAMMA)/GAMMA | -1. U CGAMHA-l.U NOZZL 186 
ATFATS = ((2. « (G«'iMA-l.t*0MT**2) / (GAMMA^l. ) )**G12GM1/QMT NOZZL 187 
PEPFS • 1. NOZZL 188 
FSAAS « ATFATS^PFSPTT* ( l.«-GAMMA »OMT*«! NOZZL 189 
AEATS « ATFATS/ATFLAT NOZZL 190 
TIO » FPTATS NOZZL191 
PTPt * ((GAMMA«l,)/2.l**(r.AMHA/CGAMMA-l.n NOZZL 192 
X^0»< * GAMNA*PTPfS/PTPE*AE*0MT**2 NOZZL 193 
XiEXIT « QMT NOZZL 194 
CT « (CS*(FSAAS ♦PFSPTT*iAEÄTS-ATFATSn- PFSPTT*AEATS»/FPT ATS NOZZL 195 
FLAG«1. NOZZL 196 
G3   TD   5UÖ NOZZL197 

163 AFATS*AEAT/ATSAT NOZZL198 
O^E - 1. NOZZL 199 
KT   -   0 NOZZL 200 

165     FJNCl   ■   AFATS   -((?.♦ (GAMMA-1. I ♦0WF**2» / JiAMMA* III ♦♦GI2GK1/QME N0ZZL201 
SVQ4EE  ■  OME N0ZZL202 
CALL    ITRATEICME*   FUNGI,   0.,   KT) N0ZZL205 
IF   {ABS(FUNCl)   .LE.    1.E-4I   GO   Tf)   170 N0ZZL204 
IF   (<T   ,GT.   25) GO   TO  475 N0ZZL205 
IF   (<T   .EQ.   II   QME   ■   1.01 N0ZZL206 
IF   (SVOHEE   -   OME     .GT.   0.)3ME      =  AMAXKOME   ,   ,5*( I. ♦SVOMFE Jl NOZZL 20 7 
IF   ISVQMEF   -   QME     .IT.   O.IQHE      ■  AMINKOME   ,   1.2*SV0MEEI N0ZZL208 
G3   T3   165 N0ZZ.209 

170     PEPTT   »   (1,   ♦    .5*  3ME**2   *( GAMMA-1.1 I**(-GAMMA/(GAMHA-1.M NÜZZL210 
175     WSW»   *   0. NOZZL 211 

PRE'FS  -   .63   ♦.04*UOG(WSWP*.01) N0ZZL212 
p^F>TT   =   P^EPFS/PTTPFS N0ZZL213 
IFIFLG220  .EQ.   1.)   PRtPTT*PECUP T*PREPF S N0ZZL214 
IFC^EPTT   .LE.  PEPTTIGO   TO   42 NOZZLTIS 
Q«IX   *SQRT(2,/(GAMMA-l.l*((PRFPTT     I »*( (I.-GAMMA)/GAMMAI-l. »» N0ZZL216 
OMI = QMX N0ZZL217 
AÄfcATS  =                   I(2.»0MX**2*(CAMMA-1.))/(3AMMA*1.H**(G12GM1)/QMX     N0ZZL218 

200     CAL.    XTRPIAREATStCSt   THE TA,   FIGll) N0ZZL219 
IFOHODFL .EO. 2.)CS ■ CS-.007 NÜZZL220 
PECJSP  =   ,l*( IC.**( .0332*T-)ETA».72)I   ♦   (10. *( AEAT-1. ))•» (-.77) NaZZL221 
PIPTT   «  PREPTT N0ZZL222 
PETPTT «   PEPTT N0ZZL223 
P2PTT   =  PEPTT/PREPFS NOZZL 224 

♦••CONTINUING , 
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PECUPT  «  (»EPTT/PECUSP N0ZZL225 
IF|>ECUPT  .GT,  PETPTTI   GO  TO  219 NUZZL226 
IFIPFCUPT  .CT.  P2PTT)   GO   TO   218 NOZZL227 
P<E>TT  «  PEPTT NOZZL228 
A^EATS  ■   AEATS N0ZZL229 
0^1   ■   QME N0ZZL230 
PFCJPT  »  P2PTT N0ZZL231 
G3   TD   220 N0ZZL232 

218 IF   (PTTPFS   .LE.   I,/PECUPT»   GO TO 220 NÜZZL233 
219 FSAAS « PIPTT« ( l.»&AMMA*OMI **2» *A«EATS N0ZZL234 

01 » PFSPTT*( 6.*PTTPFS*PRePTT I *(AFATS-AREATS»/r• N0ZZL235 
XIOM « P|PTT*AREATS*GAMMA*3MI«»2*PTTPFS*ATFLOW N0ZZL236 
TIO » FPTATS N0ZZL237 
XSEXIT ■ QHI N0ZZL236 
CT »<CS*FSAAS - AEATS /PTTPFS ♦ QII/FPTATS NGZZl 239 
FLAG=3. N0ZZL240 
G3   13   500 N0ZZL241 

220 PTT3T « 2.*( l.*.5*l(.AMMA-l. ) >**(GAMMA/(&AMMA-1,M N0ZZL242 
PTE^T « PTTOT - OPTOT N0ZZL243 
PTFPTT « PTEOT/PTTOT N0ZZL2«« 
PTE»F = PTEPTT/PtTPTT NaZZL245 
PTT'ET = l./PFTPTT N0ZZL246 
0>1EF=S0RT(2.*CPTTPcT ♦*( ( 34 MMA-l.)/GAMMA»-1.1 / (GAMMA-l. 11 NOZZL 247 
0'*EX«S0RT(2.*(PTEPE **( (3AMMA-1. I/GAMMAI-1. ) / (GAMMA-1. 11 N0ZZL248 
AFATS =( (2.*(GAMMA-l.)*QMF?»*2l/IGAMMA«-l.n**Gl2&Ml/0MEE N0ZZL249 
FSAAS - AEATS*(1.*GAMNA*0MEX**2)/PTTPET N0ZZL25Ü 
F'TATS   •   GAMMA*SOKT|(2./(GAMMA-l.|)*(2./IGAMMAfl.»)**(2.*G12GMli     NÜZZL251 

I  *(l.-PETPTT**((GAMMA-l.J/3AMMA)l» N0ZZL252 
XM3»1l   «   PFTPTT»AEATS*GAMMA*0MEX**2*PTTPFS«ATFLÜW N0ZZL2S3 
FPTATl  =   FPTATS N0ZZL254 
CS   «   .995 N0ZZL255 
IFtiMflDEL   .EO.   2.i:S   »  CS-.007 N0ZZL256 
CTSJBP   =1CS      «FSAAS   -PE TPTT »AEATSI/FPTATS N0ZZL257 
IF(FLG2?0.F0.l.»Gü   TO   22!) N0ZZL258 
FLG220 =   1. N0ZZL259 
GD   T3   175 N0ZZL260 

225     01   »   PECUPT*( (6.*P<FPTT/PE;UPTJ/7.I«(AEATS-AREATS» N0ZZL261 
FSAAS2» PRFPTT^AKEATSMl.OAMMAOQMf ««Z» N0ZZL262 
FPTATS  "   GAMMA*SQRT( (Z./(G&MMA-l.n*(2./IGÄMMA»l.n**(2.*Gl2GMl>     N0ZZL263 

I   *(l.-PEr.UPT**((GAMMA-UI/3AMMA» J) NÜZZ1264 
CALL    XTRPUREATStCS.    THE TA,   FIG11) N0ZZL265 
IFI3M00FI   .EO.   2.):S  »  CS-.007 N0ZZL266 
XH3M2  -   PREPTT*AREATS*GAMMA*OMI »^»PTIPFS^ATFLOM M0ZZL267 
CTCJSP   »(CS*FSAAS2-AEATS  »PECUPT  ♦  OII/FPTATS N0ZZ1268 
X1CH   «   lX^3M2->MüMll*(PTPrS-PTEPE»/ll./PECUPr-PTEPE» ♦   XMUMl               N0ZZL269 
TIO  «    (FPTATS   - FPTATl»   ♦  ( PTPF S-PTEPE»/(1 ./PECUPT -   PT EPEI^FPT AT 1N0ZZL 270 
X«IEXIT*(OMI-OMEX»*|PTPFS-PTEPE» /(l./PECUPT-PTEPEMOMI N0ZZL271 
CT   »   (CTCUSP-CTSUBPI*(PTPFS-PTEPEI/(l./PECUPr-PTEPE» ♦   CTSUBP           NOZZL 272 
FLAG=2. N0ZZL273 
G3   T3   500 N0ZZL274 

475     WRITF(6t630l M0ZZL275 
G3   T3   490 N0ZZL276 

480     W^ITE(6t620» NÜZZL277 
G3   T3   490 N0ZZL278 

485     WRITF(6t610) N0ZZL279 
490     N3ZE9R   =   1 N0ZZL280 

WRITF(6,600» N0ZZL281 

♦ •♦CONTINJING 11T 



500     RETURN N0ZZL282 
600     FDMATIIHI,* EIUOR   IN  NOZZLE ♦) N0ZZL283 
610     FDMATUH  ««COMPUTED  NOZZLE   OlVERGbNCE   AREA LESS   THAN  1.*) N0ZZL284 
620     F3R1AT(1H  . »NOZZLE   THROAT  AREA   ITERATION  FAILED«) N0ZZL28S 
630     F3R4AT(1H  ««NOZZLE   EXIT  MASH   NUMBER   ITERATION  FAILED*) N0ZZL286 

IHO NOZZL287 

♦♦♦END 
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♦•♦BEGIN 

MUST   INCREASE 

900 

901 

I GÜ TO 901 

WRONG IN A CALL TO XTRP, 10 ,14) 

,ICV 

SUBROUTINE xTRp(xtY,z,cv) 
C        CURVE   INTERPOLATION ANO EXTRAPOLATION 
c   SAME EXCEPT TRAP AODED TO CALL EXIT WHEN A CURVE 
C QJAOaATIC   FIT  ON  BIVARIANT   INTERPOLATION 
C MINIMUM   STORAGE  VERSION,   X 

DIMENSION  CV( ICI 
AXsX 
AZ»Z 
CV13I«0.0 
ICV>CVII)»0.1 
IF(    ICV.EIJ.S   I   ICV«* 
IF(    ICV.GT.O   .AND.   ICV.LT.5 
WRITE 16, 900)    ICV 
FDR^ATUSH  CURVE   MISSING   OR 
RELLIM»-5.0 
HTLIHP»SQRT(RELLIM» 
FFOEG«CV(lOOOOCO) 
CALL   EXIT 
CONTINUE 
G3   TD   ilOOO*?OCÜ,300C,4000) 
UNWARIATE  LINEAR 

1000  N«   CVI«»*  4.0 
IF   (AX-CVI5))   1080,1050,1017 

1017  03   1025 I«7,N,2 
IF   IAX-CVlin   1040,1040,102 5 
CONTINUE 
GO   TO   1060 
COMPUTE 
LRET«3 
GO   TO   3900 
A>CVI6I 
Y«A 
GO   TO   9999 
EXTRAPOLATION 

1060  CVI3)«1.0 
I"N-l 
IF   ICVI2)I 1040,9999,1040 

1080  CV(3t<1.0 
I» 7 
IF   ICV(2n 1040,9999,104 0 
UMIVARIATE  QUADRATIC 

2000 N«CVI4)*4.0 
IF   (Cvm-AX)   2010,1050,2200 
00   2015       I»   9,N,2 
IF   (CVdl-AX)   2015,2020,2020 
CONTINUE 
GO   TO   2225 
IF   ICV(I-2l-CV(I-4n   2025,2250,2025 
LRETs4 
GO   TO   5000 
EXTRAPOLATION 

2200  CVI3)«1.0 
1-9 
IF ICVm» 2025,9999,2025 

IS MISSING 

1025 

1040 

1050 
1045 

2010 

2015 

2020 
2025 

XTRP 000 
XTPP 001 
XTRP 002 
XTRP 003 
XTRP 004 
XTRP 005 
XTRP 006 
XTRP 007 
XTRP 008 
XTRP 009 
XTRP 010 
XTRP Oil 
XTRP 012 
XTRP 013 
XTRP 014 
XTRP 015 
XTRP 016 
XTRP 017 
XTRP 018 
XTRP 019 
XTRP 020 
XTPP 021 
XTRP 022 
XTRP 023 
XTRP 024 
XTRP 025 
XTRP 026 
XTRP 027 
XTRP 028 
XTRP 029 
XTRP 030 
XTRP 031 
XTRP 032 
XTRP 033 
XTRP 034 
XTRP 035 
XTRP 036 
XTRP 037 
XTRP 038 
XTRP 039 
XTRP 040 
XTRP 041 
XTRP 042 
XTRP 043 
XTRP 044 
XTRP 045 
XTRP 046 
XTRP 047 
XTRP 048 
XTRP 049 
XTRP 050 
XTRP 051 
XTRP 052 
XTRP 053 

♦♦•CONTINUING 
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2225 

2250 

3000 
3035 
30" S 

3045 

3050 

3100 
3105 

3110 

3115 

3120 

8801 

3l?5 

3130 

3135 

3085 

3200 

3352 

3353 
3355 

3360 

3375 

2025t9999.2025 

cmi»i.o 
I«N-1 
if icvmi 
I«I*2 
CD   T3   2025 
BIVARIATE  L INEAR 
K000FX«CVm 
If   (CV(7I-AZ)   3040*3040,3200 
NZ«CV(5»-1.0 
03   3045       J«1,NZ 
LCZ«7*J*K000FX 
IF   (CV(LCZ)-AZ)  3045,3050,3050 
CD^TINUF 
Gl   T3   3400 
NX=C\MLCZ-1I 
KX1«LCZ*1 
JX«<X1*NX-1 
IF   (CV(KXl)-AX)  3105,3105,3352 
03   3110 I«KX1,JX,2 
IF   (CVm-AX)   3110,3115,3115 
C3NTINUE 
L^FT« I 
G3   T3   33 75 
HET»2 
G3   T3   3900 
Y2*A 
IFC   AZ.NF.CV(LCZ)   I   GO   TO  8801 
Y =   Y2 
G3   T3   9999 
LCZ«LCZ-KOOOFX 
KXULCZ + 1 
IF   (CVIKXD-AX)  3125,3125,3353 
MX»CV(LCZ-n 
JX«KX1*NX-1 
03      3130 I*KX1,JX,2 
IF   (CV(n-AX)   3130,3135,3135 
C3NTnUE 
L«FT=2 
G3   TD   3375 
UFF«! 
G3   T3   3900 
Y1«A 
IFI   AZ.NE.CVUCZI   I   GO   TQ 3950 
Y «   Yl 
63   T3   9999 
EXHAPOLATION 
0/(31*1.0 
LCZ»7«-K000FX 
IF   (CV(2)i 
HET«! 
G3   T3   3355 
UET»2 
CV ( 3)» 1.0 
IF   (CV(2)I 
I«KX1*2 
G3   T3   C3115.3135»,LRET 
r^(3l-1.0 

9999,9999,3050 

3360,9999,3360 

XTRP 054 
XTKP 055 
XTRP 056 
XTRP 057 
XTRP 058 
XTRP 059 
XTRP 060 
XTRP 061 
XTRP 062 
XTRP 063 
XTRP 064 
XTRP 065 
XTRP 066 
XTRP 067 
XTRP 068 
XTRP 069 
XTRP 070 
XTRP 071 
XTRP 072 
XTRP 073 
XTRP 074 
XTRP 075 
XTRP 076 
XTPP 077 
XTRP 078 
XTRP 079 
XTRP 080 
XTRP 081 
XTRP 082 
XTRP 083 
XTRP 084 
XTRP 085 
XTRP 086 
XTRP 087 
XTRP 088 
XTRP 089 
XTRP 090 
XTRP 091 
XTRP 092 
XTRP 093 
XTRP 094 
XTRP 095 
XTRP 096 
XTRP 097 
XTRP 098 
XTRP 099 
XTRP 100 
XTRP 101 
XTRP 102 
XTRP 103 
XTRP 104 
XTRP 105 
XTRP 106 
XTRP 107 
XTRP 108 
XTRP 109 
XTRP   110 

•••CONTINJING 120 



IF   ICvC2n                       3380,9999,3380 
3380   I»JX-1 

CD   T3   13115,3135),LRET 
3400  CV(3»»1.0 

LCZ*7*NZ*K000F)> 
IF   (CV(2ll                       9999,9999,3050 

;            C3M>UTF 
3900 A« «Ax-cv(i-2n*(cv( un-cvii-in/(cvm-cv(i-2n*cv(i- -1) 

03   T3   1             3Cf5,312C,10451 ,LRET 
3950 LZM   =   LCI*   K0CÜFX 

V»   IAZ-CVILCZ)l*(Y2-Yll/(CVlLZiNI-CVILCZ))*Yl 
Gl   n   9999 
BIVA% IATE   QUADRATIC 

4000 K000FX=CVI4» 
4015   IF   ICV(7)-AZ»   ^020,4020,4100 
4020 NZ»CVI5)-I.0 

DO   4025    J»2,NZ 
LCZ»7*J*K000FX 
IF   (CV(LCZJ-AZI  «025,4030,4030 

4025  CONTINUE                                                                 * 
G3   TD   4200 

4030 LCZ'UK   =   LCZ   -   l*KOOCFX 
LCZ12K   =   LCZ   -   20K00CFX 
IF(   CVILCZMIKI   -  CmCZM2K)    I   4040,4035,^040 

4035  LCZ           «   LCZ    ♦  KOOOFX 
40*0 NE   «   CV(LCZ-l» 

KXl«LCZ*l 
KX3«LCZ*5 
JX«LCZ*NE-1 
Z3«CV(LCZ» 

4300   IF   (CV(KXl)-AXI   4310,4310,^450 
4310  03   4320          I«K>3,JX,2 

IF   CCVm-AXI   4320,4325,4325 
4320  CDMTINUP 

L^FT» I 
03   T3   4500 

4325   IF   ICVI1-2I-CV( 1-4))          4330,4630,4330 
4330  LIET-Z 

03   T3   5000 
4340  Y3«A 

IF(   Z3.NF.AZ    )  GO  TO   8802 
Y  »   Y3 
03   T3   9999 

8802  LCZ»LCZ-KOOOFX 
KXl=XXl-KO0OF)i 
KX^KXS-KOOOFX 
NE.CVILCZ-II 
Z2>CV(ICZ) 
IF   fCVIKXl>-AX»  4350,4350,4460 

4350  JX=LCZ+NE-l 
03   4360           I*K>3,JX,2 
IF   (CVIII-AX)   4360,4365,4365 

4360 L«ET«2 
G3   TD   4500 

4365   IF   (CvMI-2l-CVCI-4n          4370,4640,43 70 
4370 HET»3 

GD   T3   5000 

XTRP 
XTRP 
XTRP 
XTRP 
XTRP 
XTRP 
XTRP 
XTRP 
XTRP 
XTRP 
XTRP 
XTRP 
XTRP 
XTRP 
XTRP 
XTRP 
XTRP 
XTRP 
XTRP 
XTRP 
XTRP 
XTRP 
XTRP 
XTRP 
XTRP 
XTRP 
XTRP 
XTRP 
XTRP 
XTRP 
XTRP 
XTRP 
XTRP 
XTRP 
XTRP 
XTRP 
XTRP 
XTRP 
XTRP 
XTRP 
XTRP 
XTRP 
XTRP 
XTRP 
XTRP 
XTRP 
XTRP 
XTRP 
XTRP 
XTRP 
XTRP 
XTRP 
XTRP 
XTRP 
XTRP 
XTRP 
XTRP 

111 
112 
113 
114 
115 
116 
U7 
118 
119 
120 
121 
122 
123 
124 
125 
126 
127 
128 
129 
130 
131 
132 
133 
134 
135 
136 
137 
138 
139 
140 
141 
142 
143 
144 
145 
146 
147 
148 
149 
150 
151 
152 
153 
154 
155 
156 
157 
158 
159 
160 
161 
162 
163 
164 
165 
166 
167 
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♦375 Y2»A 
IF(   Z2.NE.AZ    i   GÜ   TO   8803 
Y «   Y2 
G3   T3   9999 

3803  LCZ«LCZ-KOOOFX 
KXI»KX1-K000FX 
KX3-KX3-KOOOFX 
NE«CV(LCZ-U 
Zl>CV(LCZ) 
IF   (CV(KXl)-AXI  4380f4380f4470 

♦ 380  JX«LCZ*NF-l 
D3   4385 I*KX3fJX*2 
IF   (CVdl-AX)    4385,4390,4390 

4385  C3NTINUE 
LRET»3 
G3   T3   4500 

4390   IF   (CV( I-2I-CV(I-4» ) 4395,4650,4395 
4395 LRET»! 

GO   TO   5000 
4099  Yl«4 

IF(   Z l.NE.AZ    I   GO   TO   5500 
Y =   Yl 

9999,9999,4030 

G3 TD 9999 
EXTRAPOLATION 

4100 cvm-i.o 
LCZ»7*2*KOOOFX 
iF(:v(2n 

4200 CV(3)«1.0 
LCZ»7*NZ*K000F)i 
IF (CV(2II 

4450 L<ET«1 
G3 T3 4480 

4460 HETs2 
G3 T3 4480 

4470 L«ET«3 
4480 CV(3I»1.0 

I»KX3 
IF(Cy(2n 

4490 G3 T3  1 
4500 CVl3i-1.0 

I«JX 
IF (CV(2.) 

4510 G3 T3 I 
4630 I» 1*2 

9999,9999,4030 

4490,9999,4490 
4325,4365,4390»,LRET 

4510,9999,4510 
4325,4365,43901,LRET 

G3   TO   4330 
4640   1=1*2 

G3   T3   4370 
4650   I«U2 

G3   TD   4395 
; C3MPUTE 
5000  CONTINUE 

A«CVl l-3l*(AX-CVII-4n*((CV(l-ll-CVCI-3ll/(CVn-2|-CVn-4n*CAX- 
u 1-211/(cvi ii-cvci-4n«i(cv(uii-cv(i-in/icv(ii-cv(i-2n-icvn- 
21-CVI I-3l)/(CV(I-2i-CVn-4l III 

63   T3   14099,4340,43 75,1045) ,LRET 
5500   IF(   CV(1I.^E.5,0   I   GO   TO  5502 

IF!   AZ.LT.Z2   I  GO   TO   5501 

XTRP 168 
XTRP 169 
XTRP 170 
XTRP 171 
XTRP 172 
XTRP 173 
XTRP 174 
XTRP 175 
XTRP 176 
XTRP 177 
XTRP 178 
XTRP 179 
XTRP 180 
XTRP 181 
XTRP 182 
XTRP 183 
XTRP 184 
XTRP 185 
XTRP 186 
XTRP 187 
XTRP 188 
XTRP 189 
XTRP 190 
XTRP 191 
XTRP 192 
XTRP 193 
XTRP 194 
XTRP 195 
XTRP 196 
XTRP 197 
XTRP 196 
XTRP 199 
XTRP 200 
XTRP 201 
XTRP 202 
XTRP 203 
XTRP 204 
XTRP 205 
XTRP 206 
XTRP 207 
XTRP 208 
XTRP 209 
XTRP 210 
XTRP 211 
XTRP 212 
XTRP 213 
XTRP 214 
XTRP 215 
XTRP 216 
XTRP 217 
XTRP 218 

CVXTRP 219 
1 XTRP 220 
XTRP 221 
XTRP 222 
XTRP 223 
XTRP 224 
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ZI  »   Z2 XTBP   225 
Z2  »   Z3 XTRP   226 
Yl  «   Y2 XTRP   227 
Y2  »    Y3 XTRP   228 

5501 Y  «   (AZ-Zll   ♦   (Y2-YimZ2-Zl)   ♦   Yl XTRP   229 
RETJRN XTRP   230 

5502 Y»Yl*UZ-Zll*((V2-Yn/(Z2-ZUf(AZ-Z2l/IZ3-Zll* XTRP   231 
l   ((Y3-Y2mZ3-Z2»-( Y2-YimZ2-Zim XTRP   232 

9999  RETURN XTRP   233 
EXD XTRP   234 

♦♦*FMD 
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